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INTRODUCTION 
Much of the land surface of the world is covered with 
vegetation which at one time or another is subject to grazing. 
Many of the grazed areas of the world could be more productive 
and could make an important contribution to world food needs. 
Thus, study of the grazing animal will always have significant 
implications at some time or place in the world. 
Where forage crops or pasture are involved in agriculture 
the vertical integration of a number of fields of investigation 
is essential. These range from soil science through crop pro­
duction and animal nutrition to consumer preference. It is 
with this in mind that the results of intake and digestibility 
experiments are presented in this thesis. 
Of the many aspects of forage production and utilization, 
the study of intake by grazing animals is one of the most 
difficult. Most of the methods proposed involve large errors 
because of the indirect nature of some of the measurements. 
Direct measurement of voluntary intake (VI) of the intact graz­
ing animal at present seems almost impossible. Use of esophag­
eal or rumen fistulae, or of any apparatus such as a harness 
for total collection of feces raises the possibility, largely 
untested, that normal behavior of the animal is affected. 
Indirect indicator methods such as those using chromic oxide, 
chromogen, or other reference compounds are automatically open 
to errors of estimation and prediction. 
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In spite of the difficulties in estimating the VI of 
grazing animals, such information is very important in under­
standing response of animals on pasture and in interpreting 
palatability and production data. Many estimates of VI involve 
an estimate of digestibility and this is also important in 
assessing the forage value as well as its potential in animal 
production. 
Another problem area in forage production and utilization 
is that of conservation and of tailoring seasonal production to 
animal needs. One-half of the forage production costs follows 
the mowing operation (6l) . As a result of harvesting and stor­
age procedures, losses of up to one-third of the crop often 
result. In addition, these operations still involve appre­
ciable- amounts of time and labor and are difficult to mechanize 
completely. 
A partial answer to reducing conserved forage needs is the 
fall-saving of forage. This refers in Iowa to pasture growth 
accumulated from mid-summer to mid-fall for grazing in October, 
November, and December. The grazing season has been extended 
8 weeks or more in Iowa tests (II5). 
In southern Iowa, grassland is the main economic alterna­
tive on the hilly sites. Further, some level, productive land 
situations will be used for forage production for various 
reasons. Experimental work has already shown that the proper 
use of pasture presents a promising economic alternative to, 
e.g., corn and soybeans. In addition, downward trends in the 
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price of nitrogen (N) and upward trends in the demand for beef 
add significance to use of predominantly grass pasture in beef 
production. 
Two grasses, reed canarygrass (Fhalaris arundinacea L.) 
and tall fescue (Festuca arundinacea Schreb.), have shown 
promise under a fall-saved forage management system in southern 
Iowa, as based on small plot studies and limited work to date 
with steers on pasture. 
The need for additional detailed information prompted the 
experiment reported herein. The objective of this study was to 
obtain more detailed vivo information on tall fescue and 
reed canarygrass as pasture species in a fall-saved pasture 
management system. Both species were studied during the graz­
ing season and again during the fall. Regressions between 
fecal N and digestibility, determined from concurrent indoor 
trials with steers, were used to predict digestibility of grass 
by grazing steers. Chromic oxide was used to estimate fecal 
output in the field, and intake by the grazing animals could 
then be calculated. 
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LITERATURE REVIEW 
At present much of the hilly land In southern Iowa Is In 
unimproved pasture. Such areas are operated on a marginal 
basis with low Inputs, indiscriminate grazing, and low outputs. 
Work with blrdsfoot trefoil (Lotus corniculatus L.) has shown 
that returns from such pastures can be greatly increased by 
renovation (118). Reed canarygrass (RC) and tall fescue (TP) 
also show promise but have been used less extensively because 
of costs of N needed, in addition to other reasons. Nonethe­
less, these two species have given encouraging results in 
extending the grazing season into the fall (115. 116) and are 
looked to with optimism. 
Nutritive Value and Intake 
The nutritive value of a feed may be assessed by measuring 
the amount of animal product obtained upon feeding it to the 
animal in question. Its value depends on the amount eaten. Its 
digestibility, and the efficiency of its utilization within the 
animal body (99)• Although the animal product can be measured 
accurately, reasons for variation in production between feeds 
may be due to any of a number of factors including the three 
mentioned above. 
In pasture work most experiments have been set up to 
assess nutritive value by measuring animal production while 
paying little attention to intake, digestibility, or efficiency 
of utilization. This course has been taken primarily because 
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of the difficulty of measuring the factors influencing nutri­
tive value in the case of the grazing animal (38) . An inves­
tigation of VI is an important step in attempting to better 
assess how forages differ in nutritive value. It is important 
that this be done, not only with animals in confinement, but 
also with the free, unencumbered grazing animal. 
Methods of Measurement of Voluntary Intake 
The earliest work in measuring intake of grazing animals 
involved procedures such as estimating the yield difference of 
forage clipped before and after grazing, or the liveweight gain 
of animals after a few hours grazing. Garrigus and Rusk (50) 
approached the problem by cutting herbage and feeding it to a 
steer to determine the digestibility. They then allowed the 
animal to graze and made total collection of feces. Intake was 
calculated from these digestibility and fecal output data. 
They found this method superior to earlier techniques. 
The method proposed by Garrigus and Rusk (50) was gener­
ally unsatisfactory because firstly, behavior of a grazing 
animal differs from that of one in a metabolism crate and 
secondly, the grazing animal freely selects its diet. Hence, 
the digestibility of the diet on pasture would be expected to 
differ from that being offered to a stall-fed animal. This has 
been found to be true as grazing animals, where possible, 
select a diet of higher digestibility than that of the sward 
taken as a whole (19, 98). Voluntary intake may be higher for 
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grazing animals than for those in metabolism crates, resulting 
in a relatively lower digestibility of the forage by the graz­
ing animal (88). However, the latter may also have a higher 
maintenance requirement, which tends to increase digestibility. 
Overall, this may result in a similar efficiency of digestion 
in both situations (74). Noblitt et al. (92) found that stress 
imposed on dairy cows caused small increases in VI and digesti­
bility of dry matter. In this case animals were stressed by 
manual total collection of feces. Digestion values obtained 
from animals in metabolism crates during a grazing intake study 
could be affected in this way. 
Various techniques are used to minimize the effect of 
differences between stall feeding and grazing situations. The 
methods use separate estimates of digestibility or feed to 
feces ratio and fecal output. However, they differ from the 
method of Garrigus and Rusk (50) in that digestibility in the 
field is predicted using an indicator or fecal index. Indi­
cators have been widely used both to predict digestibility and 
to estimate fecal output of the grazing animal. Some of the 
indicators that have been used are chromic oxide (11); iron 
oxide (80); certain radio-active isotopes (80); plant chromo­
gens (38); lignin (43); N (38); fiber, variously determined 
(98); methoxyl groups (80); silica (84); copper (84); and 
magnesium (84). More recently, jUn vitro digestibility deter­
minations on samples taken from esophageal fistulae have been 
used to estimate digestibility {5, 85. 87). Another recent 
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development is artificial mastication, a correlation of 0.9^ 
having been obtained between VI and particle size by Troelsen 
and Bigsby (10?). 
Use of Chromic Oxide to Measure Fecal Output 
Chromic oxide has been widely used in animal feeding 
trials both to determine fecal output where intake is unknown 
and to determine digestibility where intake and fecal output 
are both known (11) . In spite of some drawbacks it is con­
sidered the best available indicator for fecal output measure­
ment in grazing studies (28, 30). Total collection of feces 
may be attempted with grazing animals, but it is generally 
impracticable. In research by Corbett (29) total collection 
caused a highly significant reduction in liveweight gain of 
steers, although not in intake or digestibility. However, 
Minson (85) feels that VI of herbage might be increased by 
total collection procedures. Raymond and Minson (97) reported 
that chromic oxide had no measurable effect on the digestive 
abilities of the sheep. They indicated that more valid esti­
mates of daily herbage intake could be obtained with chromic 
oxide as an indicator than with total fecal collection. 
Diurnal variation 
One of the problems inherent in the chromic oxide indi­
cator technique is that of diurnal variation in its excretion. 
Balch et al. (11) found that gelatin capsules of chromic oxide 
powder dissolved in five minutes after entering the rumen. 
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During the first 30 to 60 minutes after administration of 
chromic oxide there was rapid transfer of the indicator to the 
omasum. But, once it became mixed with the retlculo-rumen con­
tents, the amount of chromic oxide present declined at much the 
same rate as that of the dry matter (DM) of the contents of the 
retlculo-rumen. Administration of chromic oxide as a component 
of specially prepared paper results in more even distribution 
of the indicator in the Ingesta (29. 30)• However, Lambourne 
and Reardon (73) showed that chromic oxide impregnated paper 
reduced variability in fecal chromic oxide concentration by 
about one third. Chromic oxide suspended in oil (33) and in 
sustained-release pellets (30, 43) has also been used. 
Sward sampling 
Diurnal variation in fecal concentration of chromic oxide 
can be overcome If "sward sampling" is used (29. 51. 97)-
This, in the case of cattle, refers to the sampling of all new 
droppings every 24- hours, those sampled being marked with lime. 
Although eliminating much of the error of rectal grab sampling 
due to variation in diurnal excretion of chromic oxide, sward 
sampling is laborious. Raymond and Mlnson (97) indicated that 
leaching, degradation, and insect damage may change the chemi­
cal composition of feces on the ground. Where a number of 
animals graze the same pasture, differently-colored polystyrene 
(90) or Delrin (107) particles may be administered at the same 
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time as the chromic oxide to identify feces of individual 
animals. 
Another possible source of error in the use of chromic 
oxide is that of incomplete recovery. A number of workers have 
reported recovery values under 100^ (28, 35i ^3. 106). Steven­
son (106) attributed part of this low recovery to loss of 
chromic oxide during grinding, as use of a different laboratory 
mill gave improved recoveries. 
A 7-day preliminary period appears to be adequate to 
enable chromic oxide to reach an equilibrium level in feces 
(33. 57)' According to Lambourne and Reardon (73)t changes in 
concentration of indicator from day to day do not necessarily 
reflect minor day-to-day variations in fecal output. 
Nitrogen as a Fecal Index for Predicting 
Digestibility in the Field 
Basis for the relationship between fecal N and digestibility 
A major problem in the indirect measurement of the Intake 
of grazing animals is that of predicting digestibility of the 
herbage as eaten. Theoretically, the most efficient fecal 
constituent to use as an index would be one positively corre­
lated with digestibility but which is itself indigestible (96). 
Nitrogen is probably the most widely used fecal index indicator 
(711 84). Metabolic N constitutes a large proportion of the 
total fecal N, especially when the feed is relatively low in 
crude protein. The fiber content, but not the proportions of 
protein, carbohydrate, and fat in the feed, determine the ratio 
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of metabolic fecal N to DM consumed (21). Gallup and Briggs 
(^9) showed that there was a relationship between total fecal N 
and DM intake and proposed that this relationship should be 
fairly constant for a given roughage over a relatively wide 
range in composition. Raymond (95) proposed a method of esti­
mating both N content and the relative nutritive value of 
pasture herbage consumed by sheep from the N content of their 
feces. Lancaster (76) calculated the organic matter (CM) 
digestibility of grazed forage based on the hypothesis that the 
N excreted per 100 g CM consumed is reasonably constant. He 
later (77) presented a regression equation relating digesti­
bility to fecal N. Forbes (4^) fed freshly clipped Kentucky 
bluegrass to steers and found no apparent constancy in the 
fecal N output per 100 g DM intake. However, modifications of 
the method as presented by Lancaster (77) and by later workers 
(29, 51» 71. 93i 96, 103), along with recognition of some of 
the errors involved, have made N one of the best fecal index 
indicators available (5, 28, 7^» 84). 
Comparison with other fecal indices 
A number of comparisons of the various fecal index indi­
cators have been made. Marten e_t al. (81) showed chromogen and 
N to be equally sensitive in estimating CM digestibility, but 
N consistently indicated higher forage digestibility. Accord­
ing to Davis et al. (37) use of fecal N gives a more reasonable 
estimate of digestible CM in forage than chromogens. Values 
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for normal acid fiber in feces tended to overestimate digesti­
bility in trials in England (63, 98). Combinations of indi­
cators and other methods have also been used. "Macerate crude 
fiber" combined with chromogen was recommended by Raymond 
et al. (96). Workers in Australia (5) were able to improve 
precision of intake estimation by adding terms for in vitro 
digestibility to the prediction equation. 
Local regressions 
Use of "local" regressions, where similar herbage is fed 
in indoor trials, concurrently with grazing trials, is recom­
mended for the fecal N index method (29, 53t 85, 86, 88, 98). 
This may involve a separate regression for individual species 
and varieties (87) and for each growth stage (53» 75). Green-
halgh (51) and Greenhalgh et aj. (55) recommended that herbage 
be harvested and fed in a continuous digestion trial concurrent 
with the grazing study. Digestion periods of 4 days were 
satisfactory when preceded by an adequate preliminary period 
and where an effort was made to maintain a uniform daily intake 
(52). 
Changes in leaf : stem ratios from one growth period to 
the next appear to be the main cause of variation in relation­
ships between fecal N and digestibility during the season 
(Lambourne and Reardon (75))• These workers recommended that 
regressions should be based on forages morphologically similar 
to that eaten in the grazing experiment, even if they were not 
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from the same sward or the same time of year. However, there 
are some indications that leaf and stem fractions of a sward do 
not always differ in digestibility (51. 58). Homb and Breirem 
(64) attributed the difference between first, and second and 
third cuts to a lower apparent digestibility of crude protein 
in aftermath harvests. 
Influence of level of intake 
Animals held in metabolism crates are often subjected to 
more stress than those grazing. Also, they are usually fed 
only twice a day and have limited opportunity for selection. 
Thus, the level of VI of stall-fed animals is expected to be 
lower than that of their grazing counterparts (74). Even under 
ad libitum feeding conditions, stall-fed animals may still have 
a lower VI because of lack of exercise and a lower maintenance 
requirement. The question arises as to how a relative differ­
ence in level of intake might influence ability to predict 
digestibility in the field from indoor trials. Level of intake 
may influence digestibility (88), but Lambourne and Reardon 
(74) think this is not important as far as prediction equations 
are concerned. However, Hutton and Jury (67) recommend that 
relationships between digestibility and fecal N be established 
under a^ libitum conditions. 
Influence of fertilizer 
Pasture fertilization may Influence relationships between 
fecal N and digestibility, but there is no general agreement as 
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to how serious this may be. Minson and Kemp (86) indicated 
that N fertilization of pastures had little effect on the 
validity of this relationship. Corbett (29) stated that N as 
fertilizer did have some influence on the equations relating 
fecal N to digestibility, but Greenhalgh e_t a^. (53) felt that 
the effect of season was greater than that of N. 
Length of digestion trial 
The length of period used for the indoor digestion trial 
varies among workers. Langlands e_t aJ.. (78) determined herbage 
digestibility with steers in metabolism stalls in 12 consecu­
tive, 3-d.^y periods. Arnold and Dudzinski (6) also used 3-day 
periods with sheep, while Holmes and El Sayed Osman (63) used 
5-day periods. Greenhalgh et a2. (53) obtained greater accu­
racy when digestibility trials were conducted for periods 
longer than 3 days. 
Sources of error 
There are two important sources of error in the predic­
tion of VI from regression equations relating fecal N and 
digestibility (6, 88). Firstly, there are statistical errors 
inherent in using a regression equation for prediction, regard­
less of its statistical significance. Secondly, errors arise 
in the application of relationships based on indoor feeding 
data to animals grazing in the field. Up to 90^ of the statis­
tical error may be attributed to variation in feed due to 
species, season, stage of growth, and fertilizer treatment 
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(6, 71. 88). Prediction errors of 8^ (71), and up to 12% (88), 
have been reported. Little improvement can be expected by-
increasing either the number of animals or of feces samples 
analyzed (88). It appears essential to derive local regres­
sions. Even then, errors will be relatively large; and a high 
degree of precision in estimating intakes of grazing animals 
can not be expected with present methods (67, 88). 
In some instances sheep have been used to establish a 
relationship between fecal N and digestibility, which has then 
been used to predict digestibility of the herbage intake of 
grazing cattle (63). While Minson and Raymond (88) remain 
uncommitted as to the validity of doing this, Langlands et al. 
(78) indicated that such predictions would not be biased. 
Palatability or Acceptability, Digestibility, 
and Voluntary Intake 
Voluntary intake and digestibility are both very important 
factors in determining animal output (13) • Not only are they 
related to each other, but other attributes of the animal and 
feed influence them separately and together to varying degrees 
(47, 83). Although palatability or acceptability has been 
widely used as an indication of forage quality, it is a very 
subjective measurement. 
Role of palatability or acceptability 
Palatability may indicate qualitative intake trends (50• 
93)• When sheep were exposed to a number of grasses and 
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legumes free choice in a cafeteria system, much greater differ­
ences were found in palatability than was found in actual VI 
when the same feeds were offered singly (101). Greenhalgh and 
Reid (5^) fed oat straw and dried grass to sheep, partly 
through rumen fistulae. When straw was eaten and grass given 
through the fistula, intake of OM was increased. However, 
intake was over twice as great when dried grass was offered and 
straw given via the fistula. Both combinations were similar in 
digestibility. Thus, as Bateman and Keller (15) pointed out, 
forage must be sufficiently palatable to be acceptable to the 
grazing animal. Palatability will also be important under a 
grazing system where animals are able to select between plants 
or parts of plants. 
Factors controlling voluntary intake 
Factors controlling voluntary intake of ruminants, although 
not fully understood, are present both in the animal and in the 
feed (4?, 83, 111). Montgomery and Baumgardt (91) hypothesized 
that as nutritive value of a roughage, or combination of rough­
age and concentrate, increases, gut distention is the main 
factor controlling Intake up to a certain point beyond which 
chemostatic and thermostatic factors become more important. 
Balch and Cam;^ing (10) indicated that VI of roughage depends 
on its rate of passage through the gut, and they later con­
cluded (9) that the most important factor regulating rate of 
passage was rate of breakdown to sufficiently small particles 
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to pass through the retioulo-omasal orifice. Troelsen and 
Bigsby (109) observed a direct relationship between the volun­
tary consumption of hay by sheep and its rate of breakdown by 
artificial mastication to finer particles. In a later paper 
Troelsen and Campbell (110) suggested that the shape of the 
breakdown particles in the omasum may be more important in 
predicting VI than size and this may also help to explain 
differences in VI between different forage species of similar 
digestibility. 
Digestibility and voluntary intake 
The foregoing statements indicate that there should be a 
relationship between digestibility of a forage and VI. Blaxter 
(20) stated that coarse roughage will be eaten by cattle at a 
rate directly proportional to its concentration of digestible 
nutrients. This relationship, he suggested, applies up to 
about 66^ DM digestibility. The finding by Ingalls et aj. (68) 
that the relation between the amount of DM in the rumen and 
intake was not clear-cut indicates that the higher quality 
roughages used by these workers may be consumed in amounts not 
related directly to digestibility. 
Demarquilly et al. (4l) obtained a significant correlation 
between the log of digestible OM Intake and digestibility for 
all forages during the same growth cycle. However, forages of 
the same digestibility could be consumed in very different 
amounts according to species, year, and growth cycle. 
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Other workers have indicated that the relationship between 
intake and digestibility may not be direct (85, 101). Chalupa 
and McCullough (27) comment on an observed negative relation­
ship between level of VI and DM digestibility. They indicate 
that the principal cause of lower forage digestibility results 
from the effect of increased levels of intake on digestibility 
of structural carbohydrates. However, this observation came 
from an experiment where concentrates were used (44) and the 
resultant ration would not necessarily fit the description of 
"coarse roughage" as used by Blaxter (20). The latter worker 
indicated that the relationship of intake to digestibility 
would change from positive to negative at higher levels of 
digestibility. Other workers have also indicated a change in 
this relationship at higher digestibilities (91. 110). 
There are four groups of forage characteristics instead of 
digestibility alone which can influence intake (Demarquilly 
et al. (4l)): l) the content of ballast or indigestible cell 
wall constituents, 2) the content of digestible cell wall con­
stituents, 3) the structure of the tissues and cell walls, and 
4) the content of cytoplasmic constituents (non-protein N, 
soluble carbohydrates, etc.). The last three factors influence 
the duration of digestion in the rumen. 
Available forage and voluntary intake 
The quantity of herbfage available is important in deter­
mining VI (99)• Greenhalgh (5I) found a curvilinear 
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relationship between forage allowance and forage intake of 
grazing dairy cows, maximum intake being reached when animals 
had access to about ^0% more herbage than they were eating. 
Low content of DM tended to limit VI of grazing sheep, as did 
the amount of dead material in the sward (44). 
Date of harvest 
The date at which first-growth forage is harvested is the 
major known determinant of the intake and digestibility of 
forage by ruminants (lOO) . Minson et aJ.. (89) found that 
digestibility of first-growth forage remained almost constant 
up to head emergence after which digestibility declined rapidly 
with forage maturity. Regardless of stage of growth, aftermath 
forage was found to have a lower digestibility than Immature 
first-growth forage (100) . 
Fertilization 
Fertilization of grass with N appears to have little 
effect on digestibility, intake (99)» or acceptability (26). 
In work reported by Hinds et a^. (59) and Reid et aJ. (IO3)» TF 
was fed to sheep. Nitrogen fertilization influenced digesti­
bility but had little influence on intake. Using short-term 
grazing trials with dairy cows, Andrews and Hoveland (2) 
obtained results suggesting that N fertilization may increase 
the apparent palatability of a less-palatable species such as 
RC. 
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Chemical constituents 
Chemical constituents In a plant may Influence digesti­
bility (25) but may have little apparent Influence on Intake 
(103). Species and varieties of grasses may differ in the 
ratios and amounts of volatile fatty acids (VFA) produced in 
the rumen. It is suggested that factors in plants which cause 
lowered digestibility also produce Intra-ruminal VFA ratios 
high in acetate (27). Production of butyrate and propionate is 
enhanced by plant factors favoring high digestibility. Held 
and Jung (102) found that intake and nutritive value of TF hay 
showed a significant negative correlation with the acetic ; 
propionic acid ratio in the rumen fluid of sheep. 
Kefford {70) suggested that lignification of plant tissue 
inhibits its physical breakdown in the rumen and so increases 
digestion time and depresses intake. 
Van Soest and Jones (II3) studied the relationship between 
silica content of forages and DM digestibility. From their 
work it appears that silica is an important factor in reducing 
the digestibility of cell-wall constituents in some forage 
grasses. 
Held and Jung (102) noted that differences in Intake 
between TF and alfalfa hays were associated with differences in 
structural components, more particularly with the cell wall and 
llgnln fractions. On the other hand, Ingalls et al. (68) 
reported that neither the llgnln content of alfalfa, blrdsfoot 
trefoil, timothy, or RC, nor total Intake of fiber or llgnln 
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appeared to limit consumption of these forages by sheep. 
Digestibility of a particular feed will also be influenced by 
level of Intake, age, species, and state of health of the 
animals (88). Hogan e_t (62) fed timothy hay to sheep at 
two levels, limited and ad libitum plus 10^. M libitum feed­
ing caused a significant depression in the digestibility of 
energy. 
Ability of grazing animals to select 
Grazing animals tend to be selective in what plants and 
parts of plants they eat (4?). Work by Arnold (4) demonstrated 
that the senses of smell, taste, and touch are important to 
some degree in determining acceptance of species and strains of 
species by sheep. However, when all three senses were impaired 
surgically, animal productivity over the year did not change. 
Although sight plays a part in grazing behavior of the sheep, 
it does not play a significant role in determining species 
preference (3)« 
Usually herbage selected by ruminants is higher in crude 
protein and ether extract and lower in crude fiber content than 
the whole plant (4?). The extent to which the grazing animal 
can select a more nutritious diet than that of the whole sward 
it is grazing will depend on the intensity of grazing and the 
difference in nutritive value between different plants and 
parts of plants. Both Hennessy and Ahern (58) and Greenhalgh 
(51) found little difference in digestibility between "top" and 
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"bottom" growth of pastures for cattle. The digestibility of 
stems may be higher than that of leaves in an immature sward, 
but stems become more indigestible after head emergence (75)• 
This then gives opportunity for selection of more digestible 
material where grazing pressure is light. Blaser e_t al. (19) 
conducted grazing trials with systems of top, bottom, and 
whole-plant grazing management. Highest production came from 
top growth, lowest from bottom, and whole-plant was inter­
mediate . 
Reed Canarygrass 
Adaptability and distribution 
Reed canarygrass is a perennial, cool-season grass, well-
adapted to poorly drained soils. However, it also produces 
well on upland areas, especially when well supplied with N 
(40). It grows well on most soils and will tolerate a pH range 
of 4.9 to 8.2 (ll4). It begins growth early in spring and may 
reach 6 feet or more in height when fully headed. Following 
the spring-flowering period, RC exhibits two successive and 
distinct forms of vegetative growth in the field. At first, 
internodes elongate or "joint". Later, as days shorten, 
"jointing" ceases and shoots that develop thereafter have no 
stem tissue above ground. At Ithaca, New York, after the first 
week in September, when photoperiod is 12.8 hours or less, 
vegetative growth is not jointed (18). Reed canarygrass is 
normally winter-hardy, although top growth in early spring may 
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be more susceptible to late frosts than, for example, brome-
grass (^5)• It responds well to high rates of fertilization, 
N in particular (15, ^ 6, 65). 
The first mention of EC as a forage plant appears to have 
been in 17^9 in Sweden (1, 119). As reported by Alway (1), 
Hesselgren conducted a palatability trial with over 6OO species 
of Swedish plants, including EC, the latter having been found 
to be one of the most acceptable grasses to all animals except 
swine. It is an important constituent of marsh land in North 
America. In the United States, according to Amy et al. (?) it 
was first used as a forage plant in Minnesota. They also 
report its success on peat soils in Oregon in the early part of 
this century. Fenner and Barnes (46) state that EC is enjoying 
a period of rediscovery in the northeastern states. 
Palatability 
Although EC is well-suited for use as a pasture plant its 
use has apparently been restricted because of reduced palata­
bility (46). Eeports on palatability vary (ll4). Beaumont 
e_t al. (16) ranked a number of grasses in a grazing study using 
dairy cows. They reported that when grasses were 4 to 6 inches 
high EC was hardly touched, but when they were 2 to 4 inches 
high little discrimination was shown. Wilkins and Hughes (II9) 
rated EC less palatable than smooth bromegrass and timothy but 
more palatable than orchardgrass and meadow fescue. In Wales, 
Davies (36) noted that EC was not relished by sheep until after 
the end of July when he considered it to be of average palata-
bility. Both Bateman and Keller (15) and Alway (1) consider RC 
to be high in palatablllty. 
Various factors may Influence palatablllty of RC. Ferti­
lization, with N in particular, may increase palatablllty of a 
less palatable species or strain (2, l6, 105). Stage of growth 
may also be important, the more mature herbage being less pala­
table. Other research workers are not in complete agreement. 
Roe and Mottershead (104) showed that stage of growth had no 
Influence on palatablllty. Season may be significant in some 
cases (36). But perhaps the most Important factor influencing 
palatablllty of RC is the variety or strain under consideration 
(l4, 22, 104). Baltensperger and Kalton (12) found a wide 
variation in leafiness and other agronomic characteristics in 
37 seed lots of RC collected in the United States, and it is 
highly probable that such selections would also show varia­
bility in palatablllty. 
Davles (36) postulated that the chief reason for rejection 
of TP and, to a lesser extent, RC is harshness of the leaves, 
Beaumont et al. (l6) determined the toughness of grasses by 
breaking or cutting individual blades. Red fescue and Kentucky 
bluegrass proved significantly tougher than timothy or red top. 
The former were also less palatable than the latter. But RC, 
one of the least palatable species, had the least tough leaves. 
Brown (22) was able to associate no morphological charac­
teristic of RC with relative palatablllty. However, he did 
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find that in one year the boot stage leaves of an unpalatable 
genotype showed higher soluble phenolic concentrations as com­
pared to palatable genotypes. 
Working with sheep, Roe and Mottershead (104) were able to 
effect a reduction in intake of a palatable strain of RC by 
spraying it with an extract of an unpalatable strain. Extracts 
were made with organic solvents. Wolf (120) suggested that 
frit fly infestation of RC, which results in foul-smelling 
residue above the growing point, might lead to reduced animal 
acceptability. 
Palatability and intake 
Barnes _et al. (l4) compared palatable and unpalatable 
clones of RC by feeding the fresh forage to sheep in metabolism 
crates. Palatability was positively related to digestibility 
when animals consumed forage ad libitum but not when intake was 
restricted. Dry matter intake tended to increase with increased 
palatability. These relationships were more pronounced with 
aftermath forage than with first growth. Alfalfa was generally 
higher in digestibility and intake than RC. 
Sheep which grazed palatable clones of RC consumed more 
OM than those grazing unpalatable clones in the work of 
O'Donovan et al. (93)- This difference occurred in both of 
2 years and for first and second growth. A significant differ­
ence in percent digestible OM between palatable and unpalatable 
25 
RC was found only for the second growth of 1 year for the 
grazing animals. 
Palatabillty and animal production 
Fenner and Barnes (46) compared RC hay and corn silage in 
acceptability and digestibility trials with sheep and dairy 
cows. Replacement of RC hay by corn silage increased digesti­
bility of the diet. Acceptability to sheep was highest when 
approximately equal parts corn silage and RC hay were fed on a 
DM basis. Hubbard and Nicholson (65) found that irrigated RC 
fertilized with 300 kg N per ha produced a higher weight gain 
per ha with sheep than a bromegrass-orchardgrass-ladino clover 
mixture. Garrigus and Rusk (50) reported that steers showed an 
extreme dislike for RC when first offered to them in digestion 
stalls. However, after 3 or 4 days they began to eat it and 
consumed substantial amounts. Van Arsdell ejb aJL. (112), report­
ing the results of grazing experiments with steers in Michigan, 
obtained poor and inconsistent gains on RC pasture alone. How­
ever, studies in Iowa (II7) have shown RC to have an excellent 
carrying capacity, and average daily gains of steers were 
similar to those obtained on birdsfoot trefoil in the only 
trial where comparative data were available. 
Grazing management 
Davis (39) clipped RC at various heights and measured 
yield in the greenhouse. Yield of DM was greater at stubble 
heights of 4 and 5 inches than at 1, 2, and 3 inches. Chemical 
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analysis Indicated that the higher clipping height was not 
detrimental to forage quality. Vose (ll4) recommended systems 
of intermittent grazing for RC pastures. Spring grazing should 
be early, and plants should be allowed to accumulate reserves 
before final grazing when leaves begin to die back in fall, 
Wilkins and Hughes (II9) reported that frequent close cutting 
of RC seedlings on an upland soil resulted in an increase in 
the proportion of Kentucky bluegrass in the sward. 
Tall Fescue 
Adaptability and distribution 
Tall fescue was probably introduced to the United States 
from Europe in the 19th century. However, it was not considered 
of much importance in this country until after 193O. Between 
1930 and 19^0, the varieties Alta and Kentucky 31 were released 
(32). Tall fescue is now used in many areas of the United 
States as a pasture grass {17, 32, 3^. 79. 82, 108). Tall 
fescue is adaptable to a wide variety of conditions (IO8). It 
can withstand both poor drainage and drouth. The variety Alta 
was found to thrive on highly alkaline soils (32). 
Palatability 
One of the chief problems with TP is its lack of palata­
bility (32, 108). Pratt and Haynes (94) found that under a 
system of free choice cows grazed orchardgrass and bluegrass 
before they accepted TP. Bateman and Keller (15) listed the 
relative palatability of TP as very low for dairy cattle. 
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Under British conditions reports are more favorable. 
Baker et a2. (8) Indicated that TF was more acceptable to 
cattle than orchardgrass in early and late season. Hughes (66) 
reported that although palatablllty of TF was not high, use of 
an electric fence resulted in efficient utilization at all 
times. In Oregon, cattle preferred TF to subclover during the 
spring and summer grazing period (17). 
Animal production and intake 
Tall fescue has been used with a number of legumes—sub-
clover (17). ladino clover (56, 60, 94, 108), and alfalfa (42). 
However, grown alone it responds well to N fertilizer, and 
high yields have been obtained (32) . In research work pre­
sented by Pratt and Haynes ($4), heifers gained only one-sixth 
as much on TF alone as on ladino clover-TF pastures. Comparing 
ladino clover-grass (orchard and TF) with grass alone plus N, 
Gross et (56) obtained a longer grazing period, a higher 
stocking rate, and a higher per-acre gain on pure grass pas­
tures. Average daily gain and slaughter grade of cattle were 
lower on the grass swards. 
Tall fescue appears to be inferior in nutritive value to 
alfalfa (102). This may be related to differences in struc­
tural components, more particularly with cell wall and llgnin 
fractions. Held and Jung (102) obtained a significant negative 
correlation between VI and the acetic : propionic acid ratio 
in rumen fluid. Thus, although fertilizer treatment of TF did 
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not significantly change molar ratios of VPA, the rumen fluid 
from sheep on alfalfa was markedly lower in acetic ; propionic 
acid ratio. 
Pratt and Haynes (9^) suggested that in one of their 
experiments more energy was expended by cattle in digesting TF 
than was obtained from it. Workers in Illinois have found 
negative calcium balances in sheep fed TF (59)• An inadequate 
supply of minerals may be partially responsible for some of the 
poor results of feeding this grass as reported by some workers 
(32, 94). 
Fertilization 
Fertilization of TF with N improves weight gains, although 
VI and concentration of VFA in the rumen may not be influenced 
(59)• Effects of N fertilization on digestibility of TP may 
vary. Using sheep in metabolism crates. Hinds e_t (59) and 
Held and Jung (102) investigated the Influence of N fertiliza­
tion of TP on digestibility. According to Hinds et (59) 
non-nitrated TF was more digestible. Held and Jung reported 
that level of N fertilization had no influence on DM digesti­
bility of first growth but increased DM digestibility of after­
math TP. In a later trial field et al. (103) showed that TP 
pasture fertilized with N was consumed in greater amounts than 
grass with no N applied. Blaser et a2. (19) reported digesti­
bility values for TP fertilized with 200 lb N per acre. Dry 
matter digestibility dropped from about 68.2# in early spring 
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to 58.0^ in early fall. Digestibility of top and bottom por­
tions of plants differed by 3 to 8 percentage-units depending 
on time of year. 
"Fescue foot" 
A condition known as "fescue poisoning" or "fescue foot" 
has been reported (24, 32) in cattle grazing TP. This con­
dition appears to be a serious problem in New Zealand, but 
incidence in this country appears to be low relative to the 
acreage of the crop being grown (32). Occurrence of fescue 
foot appears to be associated with growth of TP on low, wet 
areas during more severe winters, and with longer periods of 
confinement on TP, particularly on accumulated growth of the 
pasture (32). Buckner and LaBore (24) indicated that cattle 
usually recover completely when moved to another type of pas­
ture . 
Cowan (32) refers to a report from California where uptake 
of selenium in toxic quantities by TP resulted in difficulties 
with grazing animals. Ergot, selenium, and boron have been 
eliminated as causes of the toxicity, according to Jacobson 
et al. (69)• They postulated a vasoconstrictor as the causa­
tive agent. Little other evidence Is available as to the 
actual cause of the condition. 
Grazing management 
Tall fescue may be grazed throughout the entire season or 
various systems of stockpiling may be used, including allowing 
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herbage to accumulate for the entire growing season (79)• 
Matches (82) found that more tillering and higher daily regrowth 
yields of ÏF resulted from increasing the height of cutting 
from 1 to 4 inches. Under greenhouse conditions he found that 
there may be a transfer of metabolites between intact and 
defoliated tillers. Thus, while prolonged overgrazing may be 
detrimental, either rotational or continuous grazing to stubble 
heights of approximately 3 inches should not adversely affect 
the stand, according to Cowan (32). Under Missouri conditions, 
work of Lopez ejt a^. (79) indicated that organic reserves of 
TP under accumulated growth conditions (as measured by the 
amount of etiolated regrowth) increased 17^^ between August and 
November. Reserves declined 30^ between January and February. 
Under Iowa conditions percent soluble carbohydrate of TF top 
growth remained constant in the fall (October through December) 
while that in RC fell continuously over the same period (ll6). 
Reed Canarygrass and Tall Fescue in a 
Fall-Saved Forage Management System 
Tall fescue and RC show the most promise as species for 
use in a fall-saved forage type of grazing system (II5). A 
number of reports have shown TF as being well-suited to fall-
saving; work with RC has been less extensive. 
Tall fescue remains green during cold weather (32). On 
the other hand RC is more frost-susceptible, becomes winter-
burned (36), and increases in DM percentage more rapidly than 
TF during late fall (II6). Palatabillty of TF increases in the 
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fall (25. 36) whereas that of EC generally decreases (36). 
Baker et aj.. (8) compared orchardgrass and TF in England and 
reported that the TF was preferred in early spring, fall, and 
winter. Furthermore, cattle grazing TF gained weight more 
rapidly than those grazing orchardgrass in November and Decem­
ber. Similar results have been reported by Hobbs et al. (60) 
in Tennessee. Wedin et a^. (II5) showed that TF produces 
better in the fall than RC, although RC gives a higher total 
yearly production. With lactating dairy cows, Pratt and Haynes 
(94) compared TF and bluegrass-ladino clover pastures for late-
fall grazing. They obtained lower milk yields on TF, and 
animals lost body weight. 
Hughes (66) considered that the erect growth habit of TF 
reduced the amount of dead material in the sward when con­
served in situ for winter grazing, and it also allowed the 
fodder to dry more quickly. Low content of DM and a high pro­
portion of dead material have both been reported to limit VI 
(41). 
Soluble carbohydrates and digestibility 
Wedin et al. (II6) studied the chemical composition of TF 
and RC in the fall. Although TF had lower percentages of crude 
protein and more crude fiber than RC in the fall, percent sol­
uble carbohydrate of the tops did not decrease as in RC. 
Furthermore, they pointed out that in vitro digestible DM of 
both grasses showed trends similar to percent soluble 
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carbohydrate of the tops. The decrease in percent soluble car­
bohydrate of RC tops is probably reflected in an increase in 
that fraction in the rhizomes as shown by Decker et aj. (40). 
The decrease may also be related to greater winter-hardiness in 
RC. Corbett et aj.. (31) indicated that herbage with a higher 
content of soluble carbohydrate was utilized more efficiently 
by sheep. Buckner ejb aj.. (25) reported that TF and ryegrass 
X TF hybrids decreased in crude protein but increased in total 
sugars and vitro digestibility in the fall. In vivo digest­
ibility values for fall-grown Kentucky 3I TF show similar 
trends to in vitro results (23). Thus, although RC would 
appear to be somewhat inferior to TF in forage quality during 
the fall, its good qualities in relation to overall pasture 
production make it worthy of additional investigation (II6). 
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MATERIALS AND METHODS 
Location and Background of the Experiment 
Field work was carried out at the Albla Research Farm In 
southern Iowa, The experiment was located on an area of uni­
form soil type and slope. The soils of this area are classi­
fied in the Belinda series and characteristically occur on the 
flat divides of this part of Iowa. The solum is 5 feet or more 
in thickness and carbonates are absent. It is strongly acid in 
the most acid horizon. The upper soil layers are silt loam in 
texture, and there is a marked increase in clay in the AB 
horizon. Maximum clay (42 to 50^) is generally encountered 
within 24 inches of the surface. Surface runoff is slow due to 
the level aspect of the land, and permeability of the soils is 
low. 
In 1965• approximately 10 ha (26 acres) of land were 
fertilized with 35 kg of phosphorus (P) and 37 kg of potassium 
(K) per ha and fall-plowed. This area had been planted to soy­
beans in 1965• 
In the spring of I966, four species of grass were seeded 
with oats as the companion crop. Two pastures of each species— 
RC, TF, smooth bromegrass, and orchardgrass—approximately 1.2 
ha in size, were established. They were sprayed with herbicide 
and clipped or grazed periodically during the summer of 1966 to 
control weeds. Fertilizer was applied in the fall of 1966 at 
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the rate of 90 kg N, I5 kg P, and 56 kg K per ha; and the 
pastures were fenced. 
One pasture each of TF and RC was chosen for this experi­
ment. These pastures had been seeded as follows: "Kentucky 
31" TF at 18 kg per ha and 50 kg oats per ha, Minnesota grown 
"Common" RC at 11 kg per ha and 67 kg oats per ha. These pas­
tures were approximately 200 to 300 m from the building where 
grazing steers were handled during the course of the experiment. 
Experimental Procedure 
The experiment consisted of two separate parts conducted 
simultaneously. Three steers grazing each pasture comprised 
one part and four steers being offered each grass in metabolism 
crates made up the second part. The experiment was conducted 
five times during the grazing season and into the fall of I967. 
This is illustrated in Figure 1. The periods were as follows; 
Period A - May 27 to June 22 
B - July 10 to August 5 
C - September 20 to October 9 
D - October 20 to November I6 
E - November 17 to November 30 
In late April, 1967 & group of yearling Hereford steers, 
averaging 227 kg in weight, were purchased in, and shipped from 
Texas. Eight uniform steers were selected for the indoor 
trial, six were chosen for the grazing trial, and two were 
designated as spares. All were randomly allotted to either RC 
Figure 1. Outline of experimental periods 
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or TF. Animals were held on reserve pastures of the appropri­
ate species for at least 6 days before each period began. All 
animals remained on the same species of grass throughout the 
experiment. 
One grazing trial, using the six steers in the field, and 
two to three weekly digestion trials, employing the eight 
animals in crates, were conducted in each period (Figure l). 
The grazing trial generally coincided with the second feeding 
trial. The former may be referred to as the "grazing" or "out­
door" part of the experiment and the latter as the "feeding" or 
"indoor" part of the experiment. Steers in crates are referred 
to as "hand-fed" or "stall-fed". 
Grazing trials 
A grazing trial consisted of a 10-day preliminary period 
when the steers were balled with a gelatin capsule containing 
12.0 + 0.01 g chromic oxide every morning. This was followed 
by a 7-day collection period when chromic oxide administration 
was continued and feces were sampled from the sward. Feces of 
individual steers were identified by the daily administration 
of 25 to 30 g of red, green, or yellow "Delrin"^ acetal resin 
particles. In periods A, B, and C, grazing steers were driven 
to a restraining stall every morning between 7 00 and 9:00; and 
the capsules were administered. However, in the last two 
1 Courtesy of E. I. DuPont de Nemours and Company, Wilming­
ton , Delaware 19898. 
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periods, temporary stalls were made in both pastures; and 
steers were balled approximately at 6:00 AM daily. 
Feces droppings were sward-sampled every afternoon for the 
7-day collection phase of each grazing trial, as illustrated in 
Figure 2. On the afternoon before the first day of feces sam­
pling all droppings were marked. Lime was used in the first 
three periods, but white silica sand was used in the last two, 
as this was found to be more reliable. Subsequently, all 
droppings were marked after sampling. Approximately 5 to 15 g 
of feces were taken from each dropping found and properly 
identified, ending with one sample per steer daily. The 
samples were held in plastic bags (Figure 2) and were frozen 
after completion of sward-sampling each day. 
The two pastures were divided into appropriate areas for 
grazing and cutting for indoor feeding (Figure 3), using an 
electric fence. The primary consideration in location of the 
area to be grazed was access to water. Areas grazed in fall 
(periods C, D, and E) were laid out at right angles to those 
areas grazed in periods A and B to include equally those areas 
previously grazed and previously cut. 
In June and July there was an ample amount of grass avail­
able. However, in the fall (mid-September to late November) 
the amount of pasture available was limiting. The amount of 
pasture allowed the steers grazing RC in fall was determined by 
first estimating the area needed to feed the steers indoors. 
Since RC yielded less than TF the area allowed steers grazing 
Figure 2. Sward sampling, RC, period C (early October) 
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Figure 3* Divisions of RC and TF pastures (diagrammatic); 
figures in parentheses are areas in hectares 
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the latter was made smaller, so that steers on both pastures 
would have approximately the same amount of available pasture. 
Areas grazed in periods A through E were C, A, E, G, and 
J, respectively (Figure 3)• Grass for indoor feeding was har­
vested from areas D, B, and K in periods A, B, and E, respec­
tively, and from area H in periods C and D. Forage remaining 
at the end of a period was grazed off with extra steers or 
clipped and removed. 
After the first grazing in I967, area (A + B) (Figure 3) 
of the experimental pastures was fertilized with 90 kg N per ha 
(mid-June). On July 17 steers were removed from area (C + D) 
and from area (A + B) on August 4, N was applied at 13^ kg per 
ha to the whole pastures, and no grazing was allowed until mid-
September. 
Grazing animals had access to water at all times. Salt 
blocks were provided on pasture. 
Indoor trials 
Eight tubular-metal metabolism crates were placed in a 
feedlot shelter approximately 150 m from the pastures. Eight 
steers were used in all periods except period C, when only four 
were used. Steers were assigned to crates at random at the 
start of each period. They were released and allowed to graze 
reserve pastures of RC and TF between periods, excepting 
between D and E when they were not released. The four indoor 
steers, not used in period C, grazed bluegrass pasture but were 
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back on the appropriate reserves 10 days before the start of 
period D. Steers were weighed each time on entering and leav­
ing the crates. 
Two to three weekly digestion trials were conducted in 
each period. After a preliminary phase of at least 6 days on 
the appropriate reserve pasture and 6 days in the crates the 
first digestion trial began. This consisted of a 4-day collec­
tion period. A 24-hour lag was allowed in feces collection. 
A tractor and 6-foot reciprocating mower was used to 
harvest grass twice daily, just prior to feeding. An attempt 
was made to minimize any variation due to nonuniform applica­
tion of N (TF, periods D and E), weediness (TP, period B), and 
excessive dead material (RC, period E). Forage was weighed in 
the field^and the harvested area measured and recorded to 
obtain an estimate of yield. 
Steers were fed between 7 and 8 AM and between 5 and 6 PM. 
They were offered equivalent amounts of forage morning and 
evening. During the preliminary phase of each period and 
between trials an attempt was made to estimate VI. During the 
collection phase of each digestion trial an attempt was made 
to maintain DM intake at a constant level below that found 
during the preliminary phase. Steers were allowed 1 to 2 hours 
access to the forage after which refusals were weighed and 
discarded before the next feeding. No samples of orts were 
taken. 
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Water was offered as often as five times daily, depending 
on the weather and the condition of the forage. 
During each 4-day digestion trial the forage for each 
steer at each feeding was handled as follows. The amount was 
weighed on a 100 kg balance. It was then mixed three times on 
a clean concrete surface, divided into 4 parts, and sampled. 
A sample for determination of DM (approximately 500 g) was 
taken in a paper bag, weighed on a gram balance, and dried at 
60-70° C for 24 hours. Following transport to Ames, samples 
were re-dried at 70° G before weighing. A second sample 
(approximately 400 g) was taken in a plastic bag and refrig­
erated. On days other than the 4-day digestion trial one 
sample only from the morning and evening harvest of each forage 
was taken for DM determination. 
Total collections of feces and urine were made, beginning 
24 hours after initiation of the trial. Both feces and urine 
were collected, weighed, and sampled daily. Feces were col­
lected on a plastic sheet, mixed, quartered, and a sample, 
weighing 10^ of the total collection, was taken. The sample 
was placed in a plastic bag, thymol added, and the sample was 
refrigerated. The daily samples from each steer taken during 
the 4 days of each trial were placed in the same plastic bag. 
Bulked samples were later mixed and DM determined at 80° C. 
Portions of the bulked samples were placed in other plastic 
bags and frozen. 
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An aliquot (5%) of the urine collected was taken each day 
and thymol added. These samples were bulked for each trial. 
Bulked samples were refrigerated during the trial and were sub-
sampled and refrigerated at the end of the trial. 
Methods of Chemical Analysis 
Chromic oxide and Kjeldahl N were determined in undried 
feces. Following thawing of frozen feces samples, Delrin par­
ticles were removed from the sward-sampled feces. Samples were 
thoroughly mixed in a Waring blendor with 1 ml toluene per 30 g 
wet feces and enough distilled water to make a paste. The 
mixed samples of feces were stored in small plastic bags in the 
refrigerator until analyzed. Duplicate samples for chromic 
oxide, Ejeldahl N, and both DM and OM determination were 
weighed out consecutively for each sample. Chromic oxide and 
Kjeldahl N were expressed as a percentage of fecal DM and of 
fecal OM. 
Percent DM was determined by drying approximately 12 g of 
the feces paste in a crucible at 80° C for 48 hours. Samples 
were then ashed at 650° C for 4 hours to determine OM per­
centage . 
Chromic oxide was determined according to the method of 
Kimura and Miller (72) with the following modifications. 
Approximately 12 g of the feces paste were transferred to a 
tared 100 ml borosilicate glass volumetric flask via a long-
stemmed funnel. Flask and contents were then weighed, and 
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placed in an oven for 24 hours at 100° C. Five glass boiling-
beads, 1 to 5 nig sodium molybdate, and 12.5 ml nitric acid 
were added. Seven ml of 60^ perchloric acid were added after 
the initial digestion. The standard curve prepared with known 
concentrations of potassium dichromate solution was essen­
tially linear. The following relationship was used to calcu­
late concentration of chromic oxide; 
Y = 19.3497 - 0.1976 X 
where Y = mg chromic oxide per 100 ml of solution 
and X = percentage transmittance in a Bausch and Lomb 
"Spectronic 20" colorimeter using the 440 mp filter. 
Kjeldahl N was determined as follows. Approximately 2 g 
of the feces paste were introduced into a tared, 30 ml micro-
Kjeldahl flask via a long-stemmed funnel. Flask and contents 
were then weighed. A small amount of catalyst (mixture of 
100 g potassium sulfate, 10 g copper sulfate, and 1 g sele­
nium) and 3 ml of concentrated sulfuric acid were then added 
and the flasks heated until completion of digestion. The 
digestate was then transferred to a distillation apparatus and 
made alkaline with 17.5 ml of 40^ sodium hydroxide. Distillate 
was collected in Z% boric acid and N determined by titration 
with hydrochloric acid. 
Ammonia in the urine of stall-fed steers was determined 
daily. Five ml of urine made alkaline with 5 Ml of sodium 
hydroxide were steam-distilled. Distillate was collected in 
Z% boric acid and ammonia determined by titration with 
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hydrochloric acid. Ammonia was expressed as N excreted per 
animal daily. 
Methods of Calculation 
The following methods have been used in calculating per­
cent DM digestibility for stall-fed steers, output of fecal DM 
(kg per steer per day), and VI of DM (g per unit metabolic 
weight) of grazing steers: 
Digestibility = ( intake of DM - DM in feces ) ^ lOO 
intake of DM 
Output of feces = ——— —— X ^ 
g chromic oxide per 10 g feces DM 100 
output of feces (kg per steer per day) ^  iqqq 
1 /Percent digestibilityv 
VI = 100 
*0.73 
where W = liveweight in kg. 
Method of Statistical Analysis 
Data from the indoor trials were of main interest for 
initial statistical analysis. Period C with data from only 
four steers and two trials was not included. A third determin­
ation per steer for period E was obtained by averaging the two 
determinations available. This resulted in the following 
classification; two species, four steers, four periods, and 
three determinations per steer. 
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The main purpose of the statistical analysis was to obtain 
a prediction equation or a set of equations relating one or a 
combination of percent fecal N (DM basis), percent fecal N 
(OM basis), fecal output, and total N in feces to digestibility. 
Covariance analysis was used to do this, and it also gave an 
analysis of variance for all the variables used. 
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RESULTS 
Weather Conditions 
Temperature and rainfall during I967 deviated from normal 
(Table l). Temperatures during the growing season were below 
normal. Rainfall in April, May, June, September, and October 
was above normal; but the months of July and August and the 
first half of September were relatively dry. 
Growth of Forages 
At the commencement of the experiment (May 2?) TF had 
already headed and was more mature than RG. Because of the 
wet, cool weather In June swards changed little during the 
first two digestion trials of period A. In the third trial of 
period A both species were quite mature (Figures 4 and 5), 
although TF was more mature than RC. Subsequently, very few 
heads were formed on either species (Figures 6, 7. 8, 9. 10, 
and 11). 
In July (period B) RC produced a thick, jointed growth 
approximately 1 m high (Figure 6). On the other hand, TF pro­
duced very little stem in period B with the sward around 30 cm 
in height which consisted mostly of leaves (Figure 7). 
Growth habit in the fall was similar for both species 
(Figures 8, 9. 10, and 11). After September 14, conditions for 
fall growth were favorable. TF appeared to grow more by 
increases in length of existing tillers, whereas RC grew more 
by production of new tillers. 
Table 1. Temperatures® and precipitation^ for 1967 with departure from the 1931-
1960 average for Albia 
Temperature (°C) Precipitation (cm) 
Accumu-
Month Maximum Minimum Average Departure Monthly lation Departure 
January 16 -24 -2 +1.8 3.61 3.61 +0.08 
February 18 -21 
-3 -1.2 2.64 6.25 -0 .18  
March 28  -14 6 +2.8 7.44 13.69 +1.52 
April 29 -4 12 +1.3 15.09 28 .78  +7.24 
May 33 0 15 -2.2 12.75 41.53 +3.05 
June 31 9 21 -0.7 26.90 68.43 +14.30 
July 34 10 23 -2.1 3.25 71 .68  -5.99 
August 33 7 22 -1.9 2.06 73.74 -8.08 
September 29 1 18 -1.4 9 .88  83 .62  +1.60 
October 29 -4 12 -1.1 17.42 101.04 +12.14 
November 18 
-7 4 -0.7 1.80 102.84 -3.00 
December 15 -21 0 +1.2 3.73 106.58 +0.20 
^Recorded at Albia. 
^Recorded at Albia Research Farm. 
Figure 4. Reed canarygrass; area being cut for Indoor feed­
ing, period A, trial 3 (June 20) 
Figure 5- Tall fescue; area being cut for indoor feed­
ing, period A, trial 3 (June 20) 
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Figure 6. Reed canarygrass: area being cut for indoor 
feeding, period B, trial 2 (July 2?) 
Figure 7* Tall fescue: area being cut for indoor feed­
ing, period B, trial 2 (July 2?) 
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Figure 8. Reed canarygrass; area being cut for indoor 
feeding, period C (September 22) 
Figure 9. Tall fescue: area being cut for indoor feed­
ing, period C (September 22) 
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Figure 10. Steers grazing RC, period E (November 25) 
Figure 11. Steer grazing TF, period E (November 29) 
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In late October (28th) and early November (^th and 5th), 
temperatures dropped to approximately -6° C at night. Reed 
canarygrass showed the effects of this low temperature and 
parts of the leaves became brown and discolored (Figure 10). 
The percent DM of RC increased dramatically following this 
heavy frost (Table 2). Under the same cold conditions, many 
leaves of TP became curled but as temperatures increased, the 
leaves flattened out. Tall fescue remained green to the end 
of November (Figure ll). 
Estimates of forage DM yield were obtained on the areas 
cut for indoor feeding (Table 2). Yields were greatest in 
periods A and B. Tall fescue outyielded RC in all periods 
except B. Some of these relative yield differences are also 
evident from the photographs (Figures 4- to 11). 
General Observations 
Stands of grass were excellent. There were some weeds in 
the area of TP being cut for indoor feeding during period B 
(Figure 7)• However, the weeds were often refused by the 
steers. There was also slight variability due to poor N appli­
cation. This observation applies to RC in period A and to TF 
in periods C, D, and E. Grazing steers did not appear to 
favor any particular part of the sward where there was such 
variability. 
Indoor steers took less time to reach satiation at each 
feeding in the fall than during periods A and B. This was 
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Table 2. Average yield (metric tons per ha) and average per­
cent DM of grass fed indoors 
Period Date^ Trial 
RC 
Yield % DM 
TF 
Yield % DM 
A June 6 1 3.1 19.69 4.7 20.70 
June 13 2 3.4 19.63 5.2 21.71 
June 20 3 4.1 21.08 5.6 22.31 
B July 20 1 6.2 27.18 4.6 21.98 
July 27 2 7.4 27.32 5.1 22.18 
August 3 3 7.9 31.05 6.2 22.88 
C September 30 1 2.4 21.21 2.8 20.34 
October 7 2 2.3 20.25 3.4 19.27 
D October 31 1 20.60 4 . 9  18.56 
November 7 2 2.6 34.49 5.0 23.99 
November l4 3 2.1 35.38 4.7 24.95 
E November 21 1 2.6 35.51 3.9 28.05 
November 28 2 2.5 37.75 2.9 32.22 
^Values are means for 5- to 7-day periods around the 
date given. 
especially the case in period C when they usually ate their 
feed in less than 0.75 hours. Steers generally spent 1 to 1.5 
hours feeding in periods A and B. 
Fecal DM percentage tended to be lower in periods C, D, 
and E for steers grazing TF, but that of steers grazing RC 
tended to be lower in periods A and C. 
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Weight Changes of Steers 
Average steer weights are presented in Table 3» Over the 
whole experimental period grazing steers gained an average of 
about 100 kg. Reed canarygrass steers fed indoors gained an 
average of only 8 kg from late May to late November. Steers 
fed TF indoors fared a little better, gaining an average of 
25 kg over the same 7-month period. Steers in the metabolism 
crates lost weight in periods A and C, and gained slightly in 
period B. Animals hand-fed RC lost less weight in period A 
than those being offered TF. However, in period C the former 
lost more weight, and in periods D and E combined, TF-fed 
steers gained 11 kg while RC-fed animals lost 9 kg. Steers on 
pasture showed weight gains over all periods, except those on 
the TF pasture in period C. Steers grazing RC made the 
greatest gains in all periods, except in E when they gained an 
average of only 9 kg compared to 11 kg gained by steers grazing 
the TF pasture. 
Indoor Trials 
In all periods except A, steers hand-fed TF consumed more 
forage DM than RC steers (Figures 12 and 13, Table 4). Differ­
ences between the two groups tended to become greater with 
successive periods in the fall. Steers fed RC consumed an 
average of approximately 8 g DM per unit of metabolic weight 
more in period A while in period E, TF steers consumed approxi­
mately 15 g more. There was a general trend for consumption 
Table 3. Weights of steers (kg) before and after each period; on pasture (mean 
of three) and indoors (mean of four) 
Initial Final Change 
Period Species Pasture Indoor Pasture Indoor Pasture Indoor 
A RC 277 249 303 236 +26 -13 
TF 269 248 277 230 +8 -18 
B RC 296 242 318 244 +22 +2 
TF 271 233 287 238 +16 +5 
C RC 314 262* 326 236* +12 -26 
TF 299 265* 298 243* -1 -22 
D RC 331 266^ 362 257^ +31 -9 
TF 332 262^ 348 273* +16 +11 
E RC 369 378 +9 
TF 360 371 +11 
^Mean of two steers. 
^Periods D and E are 
are concerned. 
considered as one as far as weights of indoor steers 
Figure 12. Average dally DM Intake of four hand-fed 
steers - periods A and B 
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Table Daily DM intake (g per kg W of Indoor steers; 
means of four animals for 4-day collection period 
of digestion trials 
Period Grass 1 
Trial 
2 3 X 
Â RC 67.30 69.19 68.94 68.48 
(June) 
TP 55.88 60.97 63.82 60.22 
B RC 69.88 60.20 77.02 69.03 
(late July) 
TP 71.40 71.23 74.80 72.48 
C^ RC 47.21 53.56 50.38 
(early October) 
TP 61.69 61.99 61.84 
D RC 54.25 64.58 65.20 61.34 
(early November) 
TF 67.81 77.67 74.38 73.29 
E RC 67.72 68.61 68.16 
(late November) 
TF 79.94 86.58 83.26 
^Means of two steers. 
by both groups of indoor steers to increase with successive 
trials within periods. 
Considering the average values for periods, it is evident 
that TP was more digestible than EC in all periods except A 
(Table 5). In period C the difference was not significant. 
The DM digestibility of TF tended to increase over the whole 
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Table 5* Percent DM digestibility of RC and TP fed to indoor 
steers ; means of four animals 
Trial^ b 
Period Grass 1 2 3 X 
A RC 65.^la 64.55a 60.06b 63•34ab 
(June) 
TP 58.04b 56.65b 51.89c 55.53e 
B RC 59.15b 51.61c 51.48c 54.08e 
(late July) 
TP 64.95a 62.56ab 60.45b 62.65bc 
RC 60.72a 60.76a 60.74bc 
(early October) 
TP 61.72a 63.49a 62.60bc 
D RC 58.01b 57.65b 53.620 56.43de 
(early November) 
TP 65.94a 67.18a 65.58a 66.23a 
E RC 60.35b 58.32b 59.34cd 
(late November) 
TP 66.71a 65.41a 66.06a 
Within each period, trial values with different letters 
differ significantly at P<0.05. 
^Period means with different letters differ significantly 
at P<0.01j 59*3^ differs from 56.^3 at P<0.05. 
^Means of two steers. 
season, and average digestibility in June was about 10 percent­
age-points lower than in November (significant at P<0.01). 
Tall fescue was more digestible in November than in early 
October (P<0.01). In contrast, DM digestibility of RC 
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decreased (P<0.01) in early November, but increased again in 
late November (nonsignificant). Dry matter digestibility of 
both grasses decreased (P<0.05) with successive trials within 
periods A and B. 
Changes in percent fecal N paralleled those in DM digesti­
bility percentage quite closely for indoor steers (Tables 5 
and 6). However, for a similar percent DM digestibility, fecal 
N concentration was much higher in fall than in spring. 
Mean squares from the analyses of variance of DM intake, 
fecal N (DM basis), and digestibility of hand-fed steers are 
given in Table 7« Differences due to species and periods were 
all highly significant as were the species by periods inter­
actions. In the case of intake, differences due to steers were 
also highly significant. 
Average excretion of ammonia in urine of hand-fed steers 
is shown in Table 8. Steers hand-fed RC tended to excrete more 
ammonia N in periods A and B than those on TP. In the fall the 
situation was reversed, at least after the first series of 
killing frosts in early November (between trials 1 and 2, 
period D). More ammonia N was excreted each day by all steers 
in the first three periods than in the last two. 
Extensive data from the indoor trials are given in 
Tables A1 to A5. 
A substantial reduction in residual sums of squares was 
obtained by analysis of covarlance (Tables 9 and 10). Multiple 
covarlance gave little advantage over use of each covarlate 
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Table 6. Percent fecal N (DM basis) of indoor steers ; means 
of four animals 
Trial 
Period Grass 1 2 3 X 
A RC 1.786 1.634 1.410 1.610 
(June) 
TF 1.524 1.267 1.169 1.320 
B RC 1.422 1.312 1.235 1.323 
(late July) 
TF 1.994 1.825 1.646 1.822 
RC 2.120 2.080 2.100 
(early October) 
TF 2.375 2.460 2.418 
D RC 2.078 1.948 1.860 1.962 
(early November) 
TF 2.360 2.555 2.418 2.444 
E RC 2.210 2.085 2.148 
(late November) 
TF 2.518 2.472 2.495 
^Means of two steers. 
separately. Fecal N on a DM basis was chosen as the most 
appropriate to use in obtaining a prediction equation for 
digestibility (Table 10), although, of the separate covariates 
used, fecal output gave the greatest reduction in residual sums 
of squares of DM digestibility. However, fecal N on a DM basis 
gave a comparable reduction in sums of squares of the digesti­
bility residual. 
72 
Table 7. Mean squares for hand-fed steers; DM intake, DM 
digestibility, and fecal N (DM basis) 
Source d.f. Intake^ Digestibility Fecal N 
Species 1 2.75** 448.1** 1.61** 
Steers 6 1.02** 8.7 0.01 
Periods 3 3.46** 89.5** 4.52** 
Species by periods 3 2.62** 402.3** 0.84** 
Steers by periods 18 0.13 2.4 0.02 
Error 6^• 0.09 7.9 0.02 
**P<0.01. 
^Statistical analysis was carried out on the intake 
figures expressed as kg DM consumed per day for the collection 
period of the trial. 
Accordingly, the relationship between fecal N on a DM 
basis and digestibility was examined (Table 10). Plots of 
residuals (Figures and 15) indicated that while the inter­
cept differed for species and periods, the slope of the regres­
sion lines might not be different. The b values for species-
periods are presented in Table 11. However, a test of the null 
hypothesis that b values were not significantly different 
resulted in an F value significant at P<0.05 (Table 11). Most 
of the error appears to be associated with TF in period E, 
where the relationship breaks down. At this point both X and Y 
were close to their maximum. It might be expected that, at 
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Table 8. Average ammonia N in urine of four indoor steers 
over 4—day collection phase of digestion trials 
RC TF 
Period Trial g/steer/day g/steer/day 
A 1 30.2 21.6 
2  2 8 . 1  2 2 . 7  
3 21.5 14.1 
B 1 30.6 23.3 
2 25.5 21.2 
3 21.5 16.7 
1 16.8* 21.9* 
2 23.5* 23.4* 
D 1 12.2 9.6 
2 5.8 9.5 
3 6.1 11.0 
E 1 6.5 9.1 
2 4.9 6.8 
^Average of two steers. 
Table 9. Multiple covariance analysis; percent DM digestibility as variate, and 
three fecal factors as covariates. Indoor trials 
Item d.f. t4 ZX^ d.f. 
Ad J us 
ZY^ 
Species 1 448 1.61 3.19 0.07 1 44 
Steers 6 52 0.07 0.11 1.19 6 64 
Periods 3 269 13.56 30.29 0.70 3 9 
Species by periods 3 1,207 2.51 4.42 0.51 3 143 
Steers by periods 18 44 0.34 • 0.54 0.55 18 46 
Error 64 507 1.41 2.48 1.99 61 214 
Y = percent DM digestibility 
= percent fecal N on DM basis 
Xg = percent fecal N on OM basis 
^3 
= fecal output (kg per day) 
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Table 10. Analysis of covariance, with percent DM digesti­
bility (Y) as variate and percent fecal N on a 
DM basis as covariate (X): indoor steers 
0 0 Adjusted 
Source d.f. ZI ZXY ZX d.f. 
Species 1 4-48 26.90 1.61 1 12 
Steers 6 52 -0.47 0.07 6 74 
Periods 3 269 56.06 13.56 3 130 
Species by 
periods 3 1,207 54.78 2.51 3 86 
Steers by 
periods 18 44 1.68 0.34 18 52 
Error 64 507 17.81 1.41 63 281 
this level of fecal N, factors other than the digestibility of 
the diet were making a significant contribution to variation. 
Thus, from the point of view of making useful predictions, it 
was decided to use an overall b value (12.66) and calculate a 
different intercept for each species-period. 
Grazing Trials 
The prediction equations, calculated from the indoor trial 
data, are given in Table 12. With these equations, digesti­
bilities were predicted for the grazing animals in the field 
(Tables 13 and A6 to AI5). Using percent chromic oxide 
(Tables 13 and A6 to AI5), VI values were estimated and sub­
jected to statistical analysis (Table 14). 
Figure l4. Covariance plots incorporating species and 
period effects - reed canarygrass 
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Table 11. Species-period b values relating digestibility and 
fecal N (DM basis) with a statistical test of the 
difference between them and an over-all b value 
Specles-period b value 
EC period A 12.20 
RC period B 30.98 
RC period D 4.14 
RC period E 15.50 
TF period A 14.90 
TP period B 13.69 
TP period D 3.55 
TP period E 0.46 
Test of significance^ 
d.f. 
Sums of 
squares 
Mean 
square 
Pull model + common covariate 23 2,212.5 
Pull model + separate covariate 30 2,287.6 
Regression for each species-period 7 75.1 10.7* 
Residual 65 238.9 3.7 
*P<0.05. 
^Sums of squares due to regression. Comparison of sepa­
rate b values for each species-period (full model + separate 
covarlate) with an over-all b value (full model + common 
covariate); b values relate digestibility and fecal N on a DM 
basis (indoors). 
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Table 12. Prediction equations for species-periods 
Period RC TP 
A Y = 42.96 + 12.66% Y = 38.83 + 12.66% 
B Y = 37.33 + 12.66% Y = 39.58 + 12.66% 
C Y = 34.15 + 12.66% Y = 31.99 + 12.66% 
D Y = 31.59 + 12.66% Y = 35.29 + 12.66% 
E Y = 32.15 + 12.66% Y = 34.47 + 12.66% 
where Y = percent DM digestibility 
and X = percent fecal N on a DM basis 
Concentration of chromic oxide in feces is directly and 
inversely related to the amount of feces voided per day. 
Steers on RC pasture showed a decline in average fecal chromic 
oxide concentration with each successive period (Table 13)• 
A similar trend is not evident for steers grazing TF over all 
periods, but it is apparent for the three fall periods. Con­
centration of chromic oxide in fecal DM was quite variable 
when considered over animals and over days within periods 
(Tables A6 to A15). No general trend is clear within periods. 
In some cases percent chromic oxide decreased with successive 
days within a period (RC, periods B and C; TF, periods A 
and D), in some cases it increased (TF, periods B and C) and 
Table 13. Chromic oxide^ in feces, fecal N^, predicted DM digestibility, and 
estimated daily VI^ for grazing steers^ 
% Chromic % Fecal N % DMD 
oxide (predicted) (estimated) 
Period RC TF RC TF RC TF RC TF 
A (June) 0 OO
 
o
 
0.412 2, 39 1.78 73 .26 61.37 151 .5a 129 .3bc 
B (late July) 0 
00 o
 0.567 1. 75 1.98 59 .53 64.69 111 .9d 99 .9e 
C (early October) 0 .376 0.564 2. 16 2.49 61 .51 63.50 124 . 6c 92. 4e 
D (early November) 0 
.373 0.434 2. 15 2.38 58 .77 65.35 110 .Od 114. ,4d 
E (late November) 0 .342 0.397 2. 61 2.61 65 .13 67.45 135 .lb 126. ,4c 
^Percent of the DM, 
^g DM per imit metabolic weight (W^'^^). 
^Means of three steers over 7 days. 
"^Values with different letters differ significantly at P<0.05. 
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Table iM-. Analysis of variance; VI of grazing steers 
Source d.f. Mean square 
Species 1 10,513** 
Steers 4 933** 
Periods 4 9,696** 
Species by periods 4 2,017** 
Steers by periods 16 245 
Error 180 162 
**P< 0.01. 
in others no trend was evident (RC, periods A, D and E; TP, 
period E). 
Average values for N concentration in fecal DM of grazing 
steers indicated relative differences between species similar 
to those indicated by the average values for indoor steers 
(Tables 6 and 13). However, in period E average fecal N con­
centrations were the same for RC and TF steers on pasture,, 
whereas they were different for the indoor steers. Fecal N 
concentration was much higher for grazing steers than indoor 
steers in period A, and in period B only for steers grazing RC. 
Although average fecal N percentage for indoor steers fed TF 
in period B was lower than that for grazing steers in the same 
period, the value for the first digestion trial of the period 
was similar. In other words, this was the first time in the 
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course of the experiment when fecal N percentage for the graz­
ing animals fell within the range obtained from the digestion 
trials within a period. In periods C and D, fecal N concen­
trations were very similar for both grazing and hand-fed 
animals on both species, but in the final period a much higher 
fecal N concentration was obtained for steers grazing RC than 
for those hand-fed RC. 
Comparisons between DM digestibilities predicted for 
grazing steers and those obtained with hand-fed animals follow 
closely the observed comparisons in fecal N concentrations. 
Thus, the predicted DM digestibility of grazed RC was about 
10 units higher than the average obtained by hand feeding 
(Tables 5 and 13) in period A. Digestibility of grazed RC in 
period E was predicted to be approximately 5 units higher and 
of grazed TP in period A approximately 6 units higher than the 
average DM digestibility calculated from the indoor trials in 
the same periods. Dry matter digestibilities tended to be more 
similar for grazing and hand-fed animals in the remaining 
species-periods. Predicted DM digestibility tended to decrease 
with successive days within trials (Tables A6 to A15). except 
in the case of RC, period A, when it remained quite constant. 
Reed canarygrass showed the greatest range in predicted DM 
digestibility, from 58.77)^ in period D to 73«26^ in period A 
(Table 13)• The range was much smaller in the case of TP, 
and DM digestibility tended to increase as the year progressed, 
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being highest in late November (67.^5^) and lowest in early 
June (61.37#) .  
Steers grazing RC pasture consumed significantly (P<0.05) 
more grass than those grazing TF in all periods except D 
(Table I3. Figure I6). Differences in estimated VI between 
species were highly significant (P<0.01) (Table 1^). The 
difference in average VI of steers grazing RC and TF was 
greatest in early fall (period C). Steers grazing RC were 
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estimated to have eaten an average of 32.2 g DM per kg W 
more than those on TF in this period. The same average dif­
ference between groups of steers was 22.2 g for period A, 
12.0 g for B, and 8.7 g for E. In period D, TF steers consumed 
4.4 g more DM per unit metabolic weight than RC animals (dif­
ference nonsignificant). 
Examination of estimated VI of grazing steers within 
species and over periods (Table 13. Figure 16) indicates that 
RC steers consumed significantly more grass in spring (period A). 
Consumption in late July dropped considerably, increased again 
in early October, dropped in early November, and increased to 
the second highest value of the year in late November. In 
contrast, TF steers showed a steady decline from period A to C, 
followed by an increase from C to E, estimated consumption in 
late fall not being significantly different to that in the 
spring. 
Within periods, average VI of grazing steers tended to be 
quite variable from day to day (Tables A6 to AI5). Trends in 
Figure 16. Mean daily VI of grazing steers for each species-
period 
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VI with successive days within periods are not readily appar­
ent. However, it seems that average VI of the three grazing 
steers tended to increase with successive days of the period 
in A (RC and TP). It appears that in periods B and C (TP) 
and E (RC) steers tended to consume less as the period pro­
gressed. 
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DISCUSSION 
Reed canarygrass and TP are promising grass species for 
use in spring, summer, and fall under conditions in southern 
Iowa. They were studied in the experiment reported here to 
obtain in vivo data on their feeding value. The principal 
emphasis of the study was on VI of the grasses by grazing 
steers and on their digestibility as determined by Indoor feed­
ing trials. Differences between the species are stressed as 
opposed to discussion of absolute values for the individual 
forages. 
Sward Sampling 
The use of this technique allowed valid results to be 
obtained. Over 10 feces droppings were sampled from the sward 
every 24 hours for each steer during the collection periods of 
the grazing trials. It is apparent that a much more represent­
ative sample of feces was obtained as compared, e.g., to grab 
sampling once, or even twice, daily, from the rectum. 
Sward sampling is more time-consuming than grab sampling. 
There are also possibilities of chemical changes and losses 
while feces are lying on the ground prior to sampling, as 
pointed out by Raymond and Minson (97). Such changes, how­
ever, would have occurred over both pastures equally and would 
have had little effect on relative differences between pastures. 
Delrln acetal resin particles served well to identify 
feces of individual steers. Sward sampling could be simplified 
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if more than 30 g of the particles are administered per animal 
dally. Passage of the particles through the gut appears to be 
irregular. 
Differences Between Grazing and Indoor Trials 
In most cases percent DM digestibility was found to be 
lower for hand-fed steers than that predicted for those animals 
grazing in the same period (Tables 5 and 13). This was due in 
part to the ability of the grazing animals to select a diet of 
higher digestibility, as has been reported by Blaser et al. 
(19) and by Raymond et a^. (98). Opportunity for selection was 
greatest in period A (first growth) when much more grazing area 
was allowed the steers on pasture than in later periods 
(Figure 3)' Also, first growth forage had a greater proportion 
of stem to leaf than either second growth or fall-saved growth. 
The fact that digestibility indoors differs from that in 
the field is also the reason why fecal indices are used to 
predict digestibility of forages by grazing animals. Thus, 
digestibility data obtained Indoors are sound Indicators of 
differences between RC and TF as harvested. Predicted 
digestibilities, although more variable, are valid indicators 
of differences in forage digestibility as grazed. 
The amount of forage consumed by hand-fed steers was con­
siderably less than the VI estimated for grazing steers 
(Tables 4 and 13). Intake figures for steers fed indoors are 
not valid estimates of VI. These steers were not fed 
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ad libitum. They were offered forage only twice each day, and 
this forage was available to them only for 1 to 2 hours each 
time. Assuming ^  libitum feeding, it is still doubtful if 
DM consumption would have equaled that of the grazing steers 
(7^). The lower intake of stall-fed steers is borne out by 
their loss of weight in periods A and C and by their small 
weight gains in B, D, and E (Table 3)• 
The indoor trials served their purpose adequately in 
relation to the establishing of meaningful regression equations 
predicting DM digestibility from fecal N for species-periods. 
The lower digestibility and DM consumption of hand-fed steers 
as compared to grazing animals probably did not influence the 
relationship between fecal N and digestibility. Hutton and 
Jury (67) recommend that relationships between digestibility 
and fecal N be established under ^  libitum feeding conditions. 
Although level of intake may influence digestibility, Lambourne 
and Reardon (7^) think it is not important as far as the rela­
tionships of digestibility to fecal N are concerned. 
Animal Performance 
It should be noted that weight changes are given only for 
that time steers were on trials (Table 3)• Between experi­
mental periods there were weight changes which, in the case of 
hand-fed steers, tended to compensate for losses suffered 
during the periods. Although changes in weight over short 
periods of time are not necessarily good criteria on which to 
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judge value of feed, the changes shown in Table 3 are of the 
order that might be expected from changes in intake and digest­
ibility of EC and TP obtained with indoor steers (Tables 4 and 
5). Agreement between changes in weight and changes in pre­
dicted digestibility of DM and VI of RG and TF by grazing 
steers is less suggestive (Table 13)• In period D both digest­
ibility and VI of grazing steers were estimated to be lower on 
RC than on TP (Table 13), but animals grazing the former gained 
more weight in that period. Steers grazing RC in period E 
consumed significantly more forage of digestibility similar to 
TP, yet steers on the latter gained more weight. Why these 
results should be opposite is hard to explain. Digestibility 
and VI are considered more valid than short-term weight changes. 
In adjacent grazing trials conducted at Albla in 196? on 
similar pastures of EC and TF to those used in the experiment 
reported here, steers grazing TF In the fall showed a higher 
average daily gain and produced more beef per acre than those 
grazing RC. However, data on VI from the experiment reported 
herein indicate that RC is superior to TF in early October and 
late November. The yield of TP in the fall is greater than the 
yield of RC (Table 2), and this may have accounted for some of 
the apparent difference in results of the two studies. Thus, 
the higher VI of animals grazing TP for part of the fall com­
bined with the higher yield of TF at this time of year could 
result in higher acre outputs and better performance of animals 
on that type of pasture. 
Because of numerous confirmed reports (24, 32, 69) that 
problems may arise in terms of the performance and well-being 
of animals when TP pastures are grazed, the steers grazing TP 
were under daily observation. The only evidence of any appar­
ent problem of the grazing steers which might be related to the 
fescue toxicity syndrome occurred in early October. At that 
time, steers grazing TP were noted to be breathing heavily. 
One also showed some salivation and appeared distressed. One 
steer, fed TP indoors, also showed rapid breathing in mid-
November on warm days. However, this steer was in a metabo­
lism crate exposed to the sun during the day. Jacobson et al. 
(69) have stated that the more usual symptom of lameness and 
gangrene may give way to elevated body temperature and respira­
tion rate in warm weather. 
The Relationship Between Pecal N 
and Digestibility 
As shown by the values plotted in Pigures 14- and 15 and 
by the reduction in sums of squares in the covariance analysis 
(Table 10) there was a good relationship between fecal N on a 
DM basis and percent DM digestibility in the indoor trials. 
There is some evidence that the relationship was different in 
the fall to that in June and July. In addition, some evidence 
indicates that the relationship later in the fall (late Novem­
ber, period E) was poor for TP (b value of 0.46, Table 11). 
Sufficient data were not available to calculate a pre­
diction equation for period C. Period E consisted of only two 
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indoor digestibility trials so that b values for these periods 
are subject to more variability than those for period D. The 
b values calculated for period D (early November) are lower 
than those for June and late July (periods A and B) (Table 11). 
This indicates a difference in the relationship between digest­
ibility and fecal N in the fall compared to spring and sunmier. 
Fecal N percentages in the three fall periods (C, D, and 
E) were higher than those obtained in June and July in relation 
to digestibility (Tables 5. 6, and 13). This is the principal 
reason why the relationship between fecal N and digestibility 
appears to be different in the fall. It may be that the 
digestibility of N in fall-saved forage is lower than that in 
first and second growth. Homb and Breirem (6^) attributed the 
difference in the relationship between fecal N and digesti­
bility between first and later cuts of forage to a lower appar­
ent digestibility of crude protein in the later cuts. It is 
likely that some other fecal index, e.g. chromogens, may have 
been more suitable for fall-saved forage evaluation. 
Although b values for individual species-periods differed 
significantly (P<0.05, Table 3) a common b value (12.66) was 
used in prediction equations for all species-periods (Table 12). 
The common b value was used because only one b value appeared 
to differ significantly from it. This was the value of 0.46 
for TP, period E. It was considered that the relationship 
between fecal N concentration and digestibility was breaking 
down at this point. Moreover, the use of a common or over-all 
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b value is better statistically in this case, because greater 
error is associated with individual b values with few observa­
tions than with the common b value based on more observations. 
Although the relationship between fecal N and digestibil­
ity may differ for growth in spring and early summer as com­
pared to fall-saved growth, errors due to the, use of a common 
b value were either small or would support the observed differ­
ences in estimated VI shown in Table 13 and Figure l6. 
In period A the fecal N concentrations of grazing animals 
fell outside the range of values of the indoor steers. The 
individual b values for species-periods in period A lie close 
to the value used so that errors are minimized (Table 11). 
Also, in period D, and for TF in period E, the predicted values 
are close to the mean of values used in calculating the pre­
diction equation. The remaining b value which differs from 
12.66 is that for RC, period B. In this case the direction of 
any possible error would increase the observed difference 
rather than decrease it. 
Voluntary Intake 
Voluntary intake of grazing steers was estimated from 
predicted digestibility and fecal output. Inherent statistical 
and biological errors associated with predicted digestibility 
are reported to be large (67, 88) and a high degree of 
precision in estimating intakes of grazing animals can not be 
expected. However, the differences among estimated VI values, 
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shown in Table 13 and Figure l6, are large and significant, 
indicating true differences between species within periods. 
The other major determinant of estimated VI was percent 
chromic oxide in fecal DM. Mean chromic oxide concentrations, 
being an average of three steers over 7 days, are relatively 
accurate measures of fecal output. Furthermore, it would seem 
that any errors Involved should be random and the values given 
in Table 13 are considered reliable in estimating fecal output. 
Mean values for chromic oxide concentration in fecal DM of 
grazing animals were quite different for different species-
periods (Table 13)• Within a species-period percent chromic 
oxide was also quite variable both between steers and between 
days (Tables A6 to A15). According to Lambourne and Reardon 
(73) changes in concentration of indicator from day to day do 
not necessarily reflect minor day-to-day variations in fecal 
output. 
As noted by Baker et al. (8) TF was more acceptable to 
cattle in early and late season. This is also evident from the 
VI data obtained in this experiment (Table 13). Although VI of 
RC also appears to be greater early and late in the season, it 
drops less than TF in mid-season. From the results of this 
experiment it is not possible to say for how long in the fall 
VI of RC would be lower than that of TF. Although the VI 
values estimated for steers grazing RC and TF in early November 
do not differ significantly, that for TF is somewhat greater 
than for RC (Table 13). The data indicate that, early in 
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October and late in November, VI of steers grazing RC will be 
greater than that of steers grazing TP but that between these 
dates VI of the latter will be greater. 
Species Differences 
Availability of forage 
Availability of forage in the present study was not a 
major factor in restricting intake of grazing steers, as might 
be suggested by the research of Greenhalgh (51) and of Raymond 
and Spedding (99). 
By subjective visual estimate the amount of forage avail­
able to the grazing steers was considered to be inadequate in 
periods C, D, and E, particularly for those steers grazing RC. 
If VI was being restricted because of lack of forage, then it 
would be expected that estimated VI would have decreased from 
day 1 to day 7 during sward sampling in each period. However, 
only for TF in periods B and C and for EC in period E is any 
such trend in VI within a period evident (Tables A9, All, and 
Al4). Thus, differences in VI between steers grazing RC and 
TF were not due to differences in availability of forage. 
In all periods except A, the predicted digestibility 
decreased with successive days within each trial, indicating 
that steers grazing both grass species were forced to select a 
less digestible diet in successive days. 
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Stage of maturity 
Differences in stage and form of growth between RC and TF 
explain some of the observed differences between these two 
grasses in DM digestibility and VI. Experimental periods were 
arranged to use first growth (A), regrowth (B), and growth 
accumulated from the latter half of July to each of early 
October (C), early November (D), and late November (E). In 
period A, first growth of RC was less mature and more lush than 
TF (Figures 4 and 5)• This explains why RC was superior to TF 
in digestibility and VI in the first period (Tables 5 and 13). 
Increasing maturity of both forages also resulted in 
steady decreases In digestibility with successive trials within 
period A (Table 5)• This is in agreement with many observa­
tions in the literature where digestibility of first growth 
forage can be predicted from date of cutting (89, 100). A 
similar effect of date of harvest appears to be at work within 
period B, as digestibility dropped for both grasses over the 
3-week period. 
In period B form of growth explains the differences in DM 
digestibility between RC and TF. Reed canarygrass during 
period B appeared to be more stemmy than TF (Figures 6 and 7) 
and was also digested less well by steers Indoors (Table 5)• 
However, this does not explain the fact that VI of RC was sig­
nificantly greater than that of TF (Table 13). In all remain­
ing periods, form and stage of growth of both grasses were 
quite similar (Figures 8, 9, 10, and 11), but again both 
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digestibility and VI differed, both between periods and between 
grasses. 
Soluble carbohydrate concentration 
In the fall the soluble carbohydrate concentration of TF 
increases as does _in vitro digestibility. These results have 
been reported by Wedln et (ll6) and by Buckner ejb aJ. (25). 
Thus, the Increase in DM digestibility of TP from 62^ in early 
October to 66^ in November (Table 5) was probably related to 
Increased percentages of soluble carbohydrate. Brown et al. 
(23) have published similar trends in m vivo digestibility of 
TF in the fall. Dry matter digestibility of RC, on the other 
hand, decreased in the fall (from period C to D) which would 
appear to be related to a decrease in soluble carbohydrate per­
centage as reported by Wedln et aJ.. (II6). However, although 
the digestibility of RC dropped significantly (P<0.05) approx­
imately a week after the first series of heavy frosts in 
November (from 57«65^. period D, trial 2 to 53.62, period D, 
trial 3)» it increased again in late November. 
Structural components and chemical composition 
Voluntary intake of steers grazing RC followed quite 
closely predicted DM digestibility (Table 13). This is in good 
agreement with Blaster's statement (20) that coarse roughage 
will be eaten by cattle at a rate directly proportional to its 
concentration of digestible nutrients. He suggested an upper 
limit of 66% DM digestibility up to which this relationship 
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applies. On the basis of this report the predicted digesti­
bility of 73.26^ for grazed first growth RC (period A) lies 
outside the range where this relationship holds. However, 
since digestibilities of grazing animals are predicted, it is 
not possible to say if an upper limit was reached in this case 
or not. 
In the case of TP there appears to be no relationship 
between VI and predicted digestibility (Table 13)• Demarqullly 
et al. (4l) obtained a significant correlation between digesti­
bility and VI for forages during the same growth cycle. But 
they found that forages of the same digestibility could be con­
sumed in very different amounts according to species, year, and 
growth cycle. It seems that the factors in TF controlling VI 
are different to those in RC. In addition, it appears that 
over the year RC varies more in digestibility, whereas TF 
varies more in VI. A number of possibilities may be offered in 
explanation. Troelsen and Campbell (110) have suggested that 
the shape of breakdown particles in the omasum may be more 
important in predicting VI than the size of the particles. 
Size is related more directly to digestibility, whereas shape 
is relatively Independent of it. Thus, the shape of breakdown 
particles in the case of RC may be quite different to TF 
resulting in a different VI at a similar level of digestibility. 
The data also indicate that TF differed from period to period 
in the factor(s) that Influenced VI. In other words, whereas 
over the first three periods VI decreased relative to increasing 
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digestibility, over the fall periods both VI and digestibility 
increased. If the increase in percent soluble carbohydrate in 
the fall, as reported in the literature, is a major change in 
the composition of TF, in comparison to RC, then it would seem 
to influence VI more than digestibility. 
Other chemical constituents may also Influence intake. 
Held and Jung (102) noted that the differences in VI between TF 
and alfalfa hays were associated with differences in structural 
components, more particularly with cell wall and lignin frac­
tions. Ingalls et . (68), however. Indicated that neither 
lignin content nor total intake of fiber or lignin limited con­
sumption of EC by sheep. Silica seems to be a constituent of 
RC which is related strongly to digestibility. In the work of 
Van Soest and Jones (113) silica was Important in reducing the 
digestibility of cell-wall constituents of RC. 
Selective Grazing of Steers on Fall-Saved RC 
The relatively high fecal N percentage of steers grazing 
RC compared with those fed RC indoors (Tables 6 and 13) indi­
cates that, late in the fall, grazing animals selected a diet 
higher in digestibility than earlier when the concentration of 
fecal N was more similar for both indoor and grazing steers 
(periods C and D). Fecal N concentration of TF steers also 
increased from period D to E but not to the same extent as 
that of RC steers. Even in early November (period D), steers 
grazing RC had a higher fecal N concentration compared to 
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steers hand-fed RC. The predicted digestibility of grazed RC 
in period D was two percentage-units above that obtained from 
hand-feeding (average of the three digestion trials in that 
period). In contrast, in early November TF was predicted to 
be less digestible as grazed than as fed indoors. The increase 
in fecal N concentration and predicted digestibility came after 
the first series of heavy frosts in November. 
The possibility that digestibility of grazed fall-saved RC 
may not increase in late November should not be discounted. 
There would need to be other reasons why the fecal N concentra­
tion of the grazing steers was so high relative to steers being 
offered the same forage indoors. One possibility would be that 
grazing steers digest N less efficiently than those indoors, 
perhaps because of their greater intake of DM. However, the 
explanation that the grazing steers were able to select a more 
digestible diet appears more reasonable. 
Ammonia in Urine 
Concentration of ammonia N in the urine of indoor steers 
is a measure of acid-base balance. The principal excretory 
pathway for N in the ruminant is via urea. Ammonia is normally 
excreted to balance an excess of negative ions being excreted 
from the body. The data in Table 8 may be taken as indicating 
that early in the year (periods A and B) RC-fed steers had a 
greater excess of acidic ions than those consuming TF, whereas 
in the fall (periods D and E) the situation was reversed. One 
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example from the literature may Illustrate the possible sig­
nificance of this. Hinds et a^. (59). in Illinois, reported 
negative calcium balances in sheep fed TP. The significance of 
this report or of the trends reported in this experiment on 
ammonia N excretion is not understood at present. 
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SUMMARY AND CONCLUSIONS 
Forage from reed canarygrass and tall fescue pastures, 
grazed or hand-fed to beef steers, was studied In June, late 
July, early October, early and late November, 19^7 at Albia. 
Three applications of N, totaling kg per ha, were made. 
Relationships were established between fecal N and digestibil­
ity by feeding freshly cut forage to steers indoors. At the 
same time steers, to which chromic oxide was administered, were 
allowed to graze adjacent areas of pasture. Feces of grazing 
steers were sward sampled, digestibility of grazed forage was 
predicted, and VI estimated. 
Although there was evidence suggesting that the relation­
ship between fecal N and digestibility was different in the 
fall to that in the spring, a common b value was used in cal­
culating separate linear prediction equations for each species-
period. The reason for this difference in the relationship was 
the higher fecal N values in the fall, relative to digesti­
bility. In late November, the relationship was poor for TP, 
as is evidenced by the very low b value for this species-
period. 
In June (period A) TP was more mature and yielded more 
forage than RC. Dry matter Intake and percent digestibility 
were both greater for steers hand-fed RC. Grazing steers were 
predicted to have digested RC much better than TP and, despite 
a lower fecal output, were estimated to have consumed 
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significantly more forage DM. Grazing steers gained more 
weight on RC than on TF. Hand-fed steers being offered RC 
excreted more ammonia in the urine. 
With regard to maturity, yield, and digestibility between 
RC and TF, results were reversed in period B (late July) as 
compared with June. However, VI and weight gains of steers 
grazing RC remained better than TF. As in the first period, 
more ammonia N was excreted by steers hand-fed RC. 
Digestibility of both RC and TF decreased significantly 
with successive digestion trials within periods A and B. This 
was a direct consequence of increasing maturity with time. 
In early October (period C), RC was superior to TF in VI 
and weight gain of grazing steers; but DM digestibility as 
measured indoors was slightly lower for RC. Compared with 
second growth (period B), digestibility of fall growth of RC 
improved, while that of TF was similar. Steers grazing RC 
consumed more forage in early October than in late July, but 
less than in June. Animals grazing TF consumed less in early 
October than in any other period of the experiment. However, 
VI of steers on TF in period C was not significantly lower 
than in period B (late July). 
Tall fescue was superior to RC in early November (period 
D), both in VI, DM digestibility indoors and predicted DM 
digestibility of grazing steers. However, grazing steers on 
RC gained more weight than those on TF. Compared with early 
October, VI and digestibility of TF increased, but those of RC 
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decreased. Urinary ammonia excretion was higher for steers 
hand-fed RC in the first digestion trial of period D, but was 
lower than for TF-fed steers in trials 2 and 3 of the same 
period. 
Dry matter digestibility and VI of both species increased 
in late November (period E) as compared with early November. 
Fecal N concentration in the feces of steers grazing RC was 
very high in late November, and consequently, the forage was 
predicted to have a high digestibility. The possibility that 
the high fecal N was not associated with a high digestibility 
should not be discounted. On the other hand, assuming that the 
predicted digestibility was true, VI of RC was significantly 
greater than that of TF. In spite of a higher VI, steers 
grazing RC gained less weight than those grazing TF during 
period E. 
In general, digestibility and DM Intake of indoor steers 
was lower than that of grazing steers. This was likely caused 
by selective grazing of pasture animals as well as by the fact 
that stall-fed steers were not fed ^  libitum. 
Reed canarygrass and TF differ in the factors which con­
trol VI of the grazing animal. In RC digestibility and VI 
were more closely related over growth periods than in TF. In 
addition different factors appear to control VI of TF early in 
the year and in the fall. 
Early in the season (June) maturity differences between 
RC and TF explain the observed differences in digestibility 
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and VI. In late July regrowth TF may differ structurally 
from RC, resulting in the observed higher VI of the latter, 
although its digestibility was lower. Similar structural 
factors may control VI of TF in early October. In November the 
reported increase in soluble carbohydrate concentration of TF 
may be associated with the observed increases in digestibility 
and VI. While digestibility is a good measure of nutritive 
value in HC, it does not seem to be so for TF. 
Tall fescue was inferior to RC in VI up to early October. 
In October and November TF was superior to RC, but in late 
November steers grazing RC again consumed more than those on 
TF. Thus, the superiority of TF in the fall is partly related 
to its higher DM digestibility, partly to its higher VI, and 
partly to its higher yield at this time of year. 
The results of this experiment indicate that in southern 
Iowa pure stands of RC and TF may both contribute to a pasture 
program. For instance, although both grasses should be grazed 
early in spring, more care should be taken not to allow TF to 
mature, unless hay is to be harvested. In early fall RC was 
found to be the better grass for grazing. In October and early 
November TF gave better results, while in late fall and early 
winter grazing steers consumed greater amounts of RC than of 
TF. Thus, it is thought that both grasses can make a signifi­
cant contribution to beef production in southern Iowa when 
used as separate pastures but in combination in a pasture 
program. 
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Table Al. Daily DM intake (g per kg W percent DM digest­
ibility, and percent fecal N (DM basis). Indoor 
steers 
Grass 
Period 
Steer 
A 
Intake % DMD % Pecal ! 
Trial 1 RC 70 64.83 66.40 1.676 
June 6 125 72.30  65 .25  1.900 
67 66.20 66.08  1.877 
105 65.89  63.92 1.692 
X 67.30 65 .41 1.786 
TP 138 63.28  57.46 1.464 
11^ 65.95 55.95 1.504 
145 42.37 60.53  1.589 
14-2 • 51.94 58.24 1.540 
X 55.88 58.04 1.524 
Trial 2 EC 70 63.61  65 .02  1.578 
Jline 13 125 73.31 66.02 1.710 
67 71.30 63.01  1.704 
105 68.54  64 .16  1.543 
X 69.19 64.55 1.634 
TP 138 69.51 57.03 1.182 
114 68.67  54.93 1.260 
145 53.62 58.75 1.316 
142 52.08  55.88 1.309 
X 60.97  56 .65  1 .267 
Trial 3 EC 70 61.80  60 .53  1.424 
June 20 125 63.36 58.66  1.409 
67 72.59 60.16  1.350 
105 77.99 60.89  1.455 
X 68.94  60 .06  1.410 
TP 138 69.87  53.39 1.162 
114 78.48 52.80  1.164 
145 59.94 50.92 1.090 
142 46.99 50 .44 1.260 
X 63.82  51.89 1.169 
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Table A2. Dally DM Intake (g per kg VI , percent DM digest­
ibility, and percent fecal N (DM basis). Indoor 
steers 
Grass 
Period 
Steer 
B 
Intake % DMD % Fecal 
Trial 1 RC 70 71. 15 59. 98 1.490 July 20 125 69. 02 59. 90 1.470 
6? 76. 63 57. 60 1.330 
105 62. 71 59. 12 1.400 
X 69. 88 59. 15 1.422 
TP 138 70. 24 67. 98 2.227 
114 73. 70 63. 77 1.939 
1^5 74. 72 63. 44 1.898 
142 66. 95 64. 60 1.910 
X 71. 40 64. 95 1.994 
Trial 2 RC 70 65. .75 53. ,4l 1.380 
July 27 125 62. 67 52, ,11 1.270 
67 60. ,11 51. ,05 1.360 
105 52. .27 49. 88 1.240 
X 60. .20 51. 61 1.312 
TP 138 67 .47 65 .87 1.986 
114 76, .57 61, .29 1.785 
145 73 .45 62 .40 1.770 
142 67 .44 60 .69 1.760 
X 71 .23 62 .56 1.825 
Trial 3 RC 70 75 .29 51 .53 1.360 
August 3 125 76 .26 54 .03 1.221 
67 83 .75 49 .50 1.200 
105 72 .79 50 .86 1.160 
X 77 .02 51 .48 1.235 
TP 138 69 .40 62 .55 1.657 
114 80 .44 58 .85 1.620 
145 78 .72 59 .69 1.619 
142 70 .62 60 .70 1.690 
X 74 .80 60 .45 1.646 
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Table A3. Daily DM intake (g per kg W , percent DM digest­
ibility, and percent fecal N (DM basis). Indoor 
steers 
Period C 
Grass Steer Intake % DMD % Pecal N 
Trial 1 RC 125 47.08 61.72 2.150 
September 30 105 47.34 59.71 2.090 
X 47.21 60.72 2.120 
TP 114 59.73 61.71 2.550 
145 63.65 61.74 2.200 
X 61.69 61.72 2.375 
Trial 2 RC 125 52.70 61.38 2.120 
October 7 105 54.41 60.15 2.040 
X 53.56 60.76 2.080 
TP 114 59.66 62.34 2.540 
145 64.32 64.64 2.380 
X 61.99 63.49 2.460 
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Table kk. Daily DM intake (g per kg wO"73), percent DM digest­
ibility, and percent fecal N (DM basis). Indoor 
steers 
Period D 
Grass Steer Intake % DMD % Fecal N 
Trial 1 
October 31 
Trial 2 
N ovember 7 
Trial 3 
November 14 
ac 70 48.19 55.82 2.290 
125 58.6? 61.59 1.840 
67 56.80 55.72 1.930 
105 53.33 58.92 2.250 
X 54.25 58.01 2.078 
TP 138 68.40 65.45 2.370 
114 73.75 64.94 2.400 
145 66.49 67.22 2.280 
142 62.61 66. l4 2.390 
X 67.81 65.94 2.360 
EC 70 60.67 60.71 1.950 
125 66.56 59.53 1.940 
67 65.93 55.03 1.910 
105 65.14 55.34 1.990 
X 64.58 57.65 1.948 
TP 138 81.09 68.77 2.470 
114 83.98 65.88 2.710 
145 76.00 67.42 2.510 
142 69.62 66.63 2.530 
X 77.67 67.18 2.555 
ac 70 62.26 52.79 1.890 
125 66.53 53.11 1.900 
67 69.73 54.52 1.810 
105 62.30 54.08 1.840 
X 65.20 53.62 1.860 
TP 138 76.98 65.01 2.140 
114 80.02 64.46 2.620 
145 72.26 65.78 2.390 
142 68.27 67.07 2.520 
X 74.38 65.58 2.418 
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Table A5. Dally DM Intake (g per kg W , percent DM digest­
ibility, and percent fecal N (DM basis). Indoor 
steers 
Grass 
Period 
Steer 
E 
Intake % DMD % Fecal 
Trial 1 RC 70 64.44 59.04 2.240 
November 21 125 65.32 62.94 2.220 
6? 70.85 60.90 2.150 
105 70.29 58.52 2.230 
X 67.72 60.35 2.210 
TF 138 79.97 67.12 2.380 
114 83.48 65.23 2.640 
145 76.42 67.43 2.530 
142 79.90 67.05 2.520 
X 79.94 66.71  2.518 
Trial 2 RC 70 65.94 59.33 2.180 
N ovember 28 125 70.51 57.81 1.950 
67 70.73 56.93 2.010 
105 67.25  59.20 2.200 
X 68.61 58.32 2.085 
TF 138 81.05 63.75 2.450 
114 94.50 64.82 2.390 
145 83.94 68.31 2.520 
142 86.84 64.77 2.530 
X 86.58  65 .41 2.472 
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Table A6. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg W®*'3) for grazing steers 
Period A 
Reed canarygrass 
Day Steer % Fecal N % DMD VI 
1 186 0.485 2.41 73.47 145.2 
i6o  0.463 2.26  71.57 147.7 
123 0.534 2.38 73.09 133.7 
X 0.494 2.35 72.71 142.2 
2 186 0.509 2.39 73.22 137.1 
i6o 0.382 2.32 72.33 183.9 
123 0.438 2.51 74.74 173.7 
X 0 .443 2.41 73.43 164.9 
3 186 0.516 2.40 73.34 135.9 
l60 0.385 2.19 70.69 172.3 
123 0 .449 2.52 74.86  170.3 
X 0.450 2,37 72.96 159.5 
186 0.540 2.53 74.99 138.3 
160 0.395 2.24 71.32 171.6  
123 0.588 2.40 73.34 122.6  
X 0.508 2.39 73.22 144.2 
5 186 0.497 2 .38  73.09 139.7 
l60 0.484 2.40 73.34 150.7 
123 0.460 2.46 74.10 161.3  
X 0.480 2.41 73.51 150.6  
6  186 0.549 2.55 75.24 137.5 
160 0.464 2.27 71.70 148.1 
123 0.515 2.44 73.85 142.7 
X 0.509 2.42 73.60 142.8 
7 186 0.613 2 .61  76 .00  127.0  
l60 0.354 2.22  71.07 189.9 
123 0.463 2.35 72.71  152.1  
X 0 .477 2.39 73.26 156.3 
Means for Period 
186 0.530 2.47 74.23 137.2 
160 0.418 2.27  71 .70  166.3 
123 0.492 2.44 73.85 150.9  
X 0.480 2.39 73.26 151.5 
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Table A7. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg wO'73) for grazing steers 
Period A 
Tall fescue 
Day Steer % Cr203 % Fecal N % DMD VI 
1 l66 0.513 2.14 65.92  111.2 
199 0.4l8 1.94 63.39  127.8  
49 0.517 1.98 63.90  112.9  
X 0.483 2.02 64.40 117.3  
2 l66 0.471 2.14 65.92  121.1  
199 0.401 1.70 60.35  123.0 
49 0.506 1.88 62.63 111.4 
X 0.459 1.91  62 .97  118.5 
3 l66 0.359 1 .86  62.38 144.0 
199 0 .355 1.80 61.62 143.6 
49 0 .395 1.80 61.62 139.0  
X 0.370 1.82 61.87 142.2  
4 l66 0.390 1.71 60 .48 126.2 
199 0 .355 1.60 59.09  134.7  
49 0.436 1.73 60.73 123.0  
X 0.394 1 .68  60.10 128.0 
5 l66 0.417 1.68  60.10 116.9 
199 0.318 1.68  60.10 154.2  
49  0.461 1.76 61.11 117.5  
X 0.399 1.71 60.44 129.5  
6 l66 0.343 1.49  57 .69  134.0 
199 0 .373 1.71 60.48 132.7  
49  0.422 1.72 60.61 126.8 
X 0.379 1.64 59.59  131.2 
7 l66 0.244 1.59 58.96  194.2  
199 0.498 1.78 61.36 101.7 
49 0.452 1.75 60.98 119.5 
X 0.398 1.71 60.43 138.5  
Means for Period 
l66 0.391 1 .80  61.62 135.4  
199 0.388 1.74 60.86 131.1 
49 0.456 1.80  61.62 121.4 
X 0.412 1.78 61.37  129.3  
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Table A8. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg W®*73) for grazing steers 
Period B 
Reed canarygrass 
Day Steer % % Fecal N % DMD VI 
1 186 0.474 2.04 63.16 102.9 
160 0.437 1.92 61.64 110.9 
123 0.409 1.83 60.50 114.2 
X 0.440 1.93 61.77 109.3 
2 186 0.424 1.83 60.50 107.3 
160 0.409 1.82 60.37 114.7 
123 0.418 1.81 60.24 111.0 
X 0.417 1.82 60.37 111.0 
3 186 0.469 1.89 61.26 98.9 
160 0.409 1.67 58.47 109.4 
123 0.472 1.80 60.12 98.0 
X 0.450 1.79 59.95 102.1 
> 186 0.434 1.78 59.86 103.2 
160 0.354 1.71 58.98 128.0 
123 0.377 1.86 60.88 125.1 
X 0.388 1.78 59.91 118.8 
5 186 0.402 1.81 60.24 112.4 
i6o 0.353 1.60 57.59 124.1 
123 0.384 1.75 59.48 118.5 
X 0.380 1.72 59.10 118.3 
6 186 0.414 1.62 57.84 103.0 
160 0.352 1.56 57.08 123.0 
123 0.386 1.70 58.85 116.1 
X 0.384 1.63 57.92 114.0 
7 186 0.421 1.61 57.71 100.9 
160 0.349 1.58 57.33 124.8 
123 0.424 1.63 57.97 103.5 
X 0.398 1.61 57.67 109.7 
Means for Period 
186 0.434 1.80 60.12 104.1 
160 0.380 1.69 58.73 119.3 
123 0.410 1.77 59.74 112.3 
X 0.408 1.75 59.53 111.9 
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Table A9. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg wO'73) for grazing steers 
Period B 
Tall fescue 
Day Steer % % Fecal N % DMD VI 
1 166 0.526 2.08 65.91 107.8 
199 0.469 1.97 64.52 113.8 
49 0.624 2.15 66.80 101.0 
X 0.540 2.07 65.74 107.5  
2 166 0.553 1.93 64.01 97.1  
199 0.462 1.96 64.39 115.1 
49 0.657 1.99 64.77 90.4 
X 0.557 1.96 64.39 100.9 
3 166 0.495 1.97 64.52 110.1 
199 0.517 1.96 64.39 102.9  
49 0.689 1.93 64.01 84.4 
X 0.567 1.95 64.31 99.1 
4 166 0.496 1.98 64.65 110.2 
199 0.500 2.17 67.05 115.0 
49 0.685 2.01 65.03 87.4 
X 0.560 2.05 65.58  104.2 
5 166 0.499 1.93 64.01 107.7 
199 0.557 2.05 65.53 98.6  
49 0.670 1.97 64.52  88.1 
X 0.575 1.98 64.69 98.1 
6 166 0.529 1.87 63.25 99.4 
199 0.509 2.03 65.28 107.2 
49 0.634 1.97 64.52 93.1 
X 0.557 1.96 64.35 99.9 
7 166 0.581 1.84 62.87 89.6  
199 0.621 2.03  65 .28  87.8 
49 0.640 1.91 63.76  90.2 
X 0.6l4 1.93 63.97 89.2 
Means for Period 
166 0.526 1.94 64.14 103.1 
199 0.519 2.02  65.15 105.8 
49 0.657 1.99 64.77 90.7 
X 0.567 1.98  64.69 99.9 
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Table AlO. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg wO'73) for grazing steers 
Period C 
Reed canarygrass 
Day Steer % C2O3 % Fecal N % DMD VI 
1 186 0.412 2.26 62.76 115.0 
160 0.506 2.25 62.64 96.4 
123 0.317 2.21 62.13 147.3 
X 0.412 2.24 62.51 119.6 
2 186 0.438 2.27 62.89 108.6 
160 0.417 2.21 62.13 115.4 
123 0.362 2.25 62.64 130.7 
X 0.406 2.24 62.55 118.2 
3 186 0.383 2.10 60.74 117.3 
160 0.354 2.02 59.72 127.8 
123 0.380 2.19 61.88 122.1 
X 0.372 2.10 60.78 122.4 
4 186 0.345 2.03 59.85 127.4 
l60 0.332 1.96 58.96 133.7 
123 0.380 2.25 62.64 124.5 
X 0.352 2.08 60.48 128.5 
5 186 0.311 2.05 60.10 142.2 
l60 0.370 2.30 63.27 134.1 
123 0.356 2.22 62.26 131.6 
X 0.346 2.19 61.88 136.0 
6 186 0.326 2.15 61.37 140.1 
l60 0.366 2.17 61.62 129.7 
123 o.4o6 2.17 61.62 113.5 
X 0.366 2.16 61.54 127.8 
7 186 0.345 2.02 59.72 127.0 
l60 0.395 2.16 61.50 119.8 
123 0.405 2.14 61.24 112.6 
X 0.382 2.11 60.82 119.8 
Means for Period 
186 0.366 2.13 61.06 125.4 
160 0.391 2.15 61.40 122.4 
123 0.372 2.20 62.06 126.0 
X 0.376 2.16 61.51 124.6 
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Table All. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg wO'73) for grazing steers 
Period C 
Tall fescue 
Day Steer 2 CgO] % Fecal N % DMD VI 
1 166 0.405 2.44 62.88 119.4 
199 0.504 2.67 65.79 103.7 
49 0.512 2.91 68.83 122.3 
X 0.474 2.67 65,83 115.1 
2 166 0.404 2.45 63.01 120.1 
199 0.562 2.58 64.65 90.0 
49 0.610 2.75 66.80 96.4 
X 0.525 2.59 64.82 102.2 
3 l66 0.482 2.45 63.01 100.7 
199 0.559 2.65 65.54 92.8 
49 0.629 2.54 64.15 86.6 
X 0.557 2.55 64.23 93.4 
4 l66 0.486 2.46 63.13 100.2 
199 0.527 2.66 65.67 98.9 
49 0.638 2.38 62.12 80.8 
X 0.550 2.50 63.64 93.3 
5 l66 0.550 2.32 61.36 84.5 
199 0.542 2.86 68.20 103.8 
49 0.735 2.43 62.75 71.3 
X 0.609 2.54 64.10 86.5 
6 l66 0.569 2.29 60.98 80.9 
199 0.578 2.32 61.36 80.1 
49 0.779 2.18 59.59 62.0 
X 0.642 2.26 60.64 74.3 
7 166 0.489 2.21 59.97 91.7 
199 0.606 2.30 61.11 75.9 
49 0.668 2.42 62.63 78.2 
X 0.588 2.31 61.24 81.9 
Means for Period 
l66 0.484 2.37 62.05 99.6 
199 0.554 2.58 64.62 92.2 
49 0.653 2.52 63.84 85.4 
X 0.564 2.49 63.50 92.4 
133 
Table Al2. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg W^*73) for grazing steers 
Period D 
Reed canarygrass 
Day Steer ^ GrgO^ % Fecal N % DMD VI 
1 186 0.360 2.28 60.45 111.4 
160 0.366 2.18 59.19 120.5 
123 0.384 2.25 60.08 108.8 
X 0.370 2.24 59.91 113.6 
2 186 0.370 2.22 59.70 106.4 
l60 0.375 2.11 58.30 115.1 
123 0.421 2.05 57.54 93.3 
X 0.389 2.13 58.51 104.9 
3 186 0.396 2.28 60.45 101.3 
160 0.351 2.06 57.66 121.1 
123 0.392 1.96 56.40 97.6 
X 0.380 2.10 58.17 106.7 
4 186 0.369 2.26 60.20 108.0 
160 0.364 2.14 58.68 119.7 
123 0.404 2.15 58.81 100.2 
X 0.379 2.18 59.23 109.3 
5 186 0.329 2.32 60.96 123.5 
l60 0.352 2.05 57.54 120.4 
123 0.376 2.12 58.43 106.7 
X 0.352 2.16 58.98 116.9 
6 186 0.325 2.33 61.09 125.4 
160 0.442 2.02 57.16 95.1 
123 0.342 2.12 58.43 117.4 
X 0.370 2.16 58.89 112.6 
7 186 0.353 2.12 58.43 108.1 
160 0.375 2.05 57.54 113.0 
123 0.397 2.01 57.04 97.8 
X 0.375 2.06 57.67 106.3 
Means for Period 
186 0.357 2.26 60.20 112.0 
160 0.375 2.09 58.05 115.0 
123 0.388 2.09 58.05 103.1 
X 0.373 2.15 58.77 110.0 
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Table A13. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg WO'73) for grazing steers 
Period D 
Tall fescue 
Day Steer % Cr20^ % Fecal N % DMD VI 
1 166 0.418 2.43 66.05 115.9  
199 0.470 2.32 64.66 101.7 
49 0.512 2.45 66.31  103.2  
X 0.467 2.40 65.67  106.9  
2 166 0.420 2.50 66.94 118.5 
199 0.404 2.34 64.91 119.1  
49 0.423 2.56 67.70 130.3 
X 0.416 2.47 66.52 122.6 
3 166 0.424 2.54 67.45 119.2 
199 0.454 2.33 64.79 105.7 
49 0.553 2.44 66.18  95.2 
X 0.477 2.44 66. l4 106.7  
166 0.428 2.55 67.57 118.5 
199 0.535 2.36  65.17 90.7 
49 0.465 2.37 65.29 110.3 
X 0.476 2.43 66.01 106.5 
5 166 0.408 2.39 65.55 117.0 
199 0.373 2.34 64.91 129.1 
49 0.464 2.36 65.17 110.2  
X 0.415 2.36 65.21  118.8 
6 166 0.405 2.20 63.14 110.2 
199 0.402 2.41 65.80 122.9 
49 0.420 2.27 64.03 117.9 
X 0.409 2.29  64.32 117.0 
7 166 0.375 2.16  62.64 117.4 
199 0.367 2.26 63.90 127.5 
49 0.406 2.28 64.15 122.3 
X 0.383 2.23 63.56 122.4 
Means for Period 
166 0.411 2.40 65.62  116.7  
199 0.429 2.34 64.88 113.8 
49 0.463 2.39 65.55 112.8 
X 0.434 2.38 65.35 114.4 
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Table Al4. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg W0"73) for grazing steers 
Period E 
Reed canarygrass 
Day Steer % Cr203 % Fecal N % DMD VI 
1 186 0.345 2.85 68.23 139.1 
l60 0.331 2.85 68.23 153.9 
123 0.362 2.84 68.10 l4l .4 
X 0.346 2.85 68.19 144.8 
2 186 0.364 2.72 66.59 125.4 
l60 0.327 2.59 64.94 141.2 
123 0.373 2.87 68.48 138.9 
X 0.355 2.73 66.67 135.2 
3 186 0.331 2.76 67.09 140.0 
160 0.288 2.59 64.94 160.3 
123 0.358 2.81 67.72 141.3 
X 0.326 2.72 66.58 147.2 
4 186 0.314 2.69 66.21 143.8 
160 0.303 2.54 64.31 149.6 
123 0.354 2.69 66.21 136.5 
X 0.324 2.64 65.58 143.3 
5 186 0.307 2.53 64.18 138.7 
160 O.3O8 2.48 63.55 144.1 
123 0.384 2.43 62.91 114.7 
X 0.333 2.48 63.55 132.5 
6 186 0.349 2.53 64.18 122.0 
l6o 0.361 2.43 62.91 120.8 
123 0.356 2.40 62.53 122.4 
X 0.355 2.45 63.21 121.7 
7 186 0.335 2.47 63.42 124.5 
160 0.341 2.34 61.77 124.1 
123 0.379 2.40 62.53 115.0 
X 0.352 2.40 62.57 121.2 
Means for Period 
186 0.335 2.65 65.70 133.4 
160 0.323 2.55 64.43 142.0 
123 0.367 2.63 65.45 130.0 
X 0.342 2.61 65.13 135.1 
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Table AI5. Percent chromic oxide in feces (DM basis), per­
cent fecal N (DM basis), predicted percent DM 
digestibility, and estimated daily VI of DM 
(g per kg wO'73) for grazing steers 
Period E 
Tall fescue 
Day Steer % Cr203 ^ Fecal N % DMD VI 
1 166 0.376 2.79 69.79 140.4 
199 0.434 2.72 68.91 118.0 
49 0.408 2.83 70.30 137.4 
X 0.406 2.78 69.67 131.9 
2 166 0.357 2.65 68.02 139.7 
199 0.440 2.75 69.28 117.8 
49 0.388 2.88 70.93 147.7 
X 0.395 2.76 69.41 135.1 
3 166 0.418 2.61 67.51 117.5 
199 0.407 2.64 67.89 121.8 
49 0.423 2.81 70.04 131.4 
X 0.4l6 2.69 68.48 123.6 
4 166 0.372 2.58 67.13 130.5 
199 0.359 2.52 66.37 131.9 
49 0.390 2.65 68.02 133.5 
X 0.374 2.58 67.17 132.0 
5 166 0.332 2.51 66.25 142.3 
199 0.414 2.50 66.12 113.5 
49 0.451 2.48 65.87 108.2 
X 0.399 2.50 66.08 121.3 
6 166 0.440 2.55 66.75 109.0 
199 0.396 2.45 65.49 116.5 
1^ -9 0.395 2.47 65.74 123.1 
X 0.410 2.49 65.99 116.2 
7 166 0.348 2.46 65.61 133.3 
199 0.371 2.47 65.74 125.3 
49 0.407 2.40 64.85 116.4 
X 0.375 2.44 65.40 125.0 
Means for Period 
166 0.378 2.59 67.29 130.4 
199 0.403 2.58 67.11 120.7 
49 0.409 2.65 67.96 128.2 
X 0.397 2.61 67.45 126.4 
